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iNTRonrrTiON. 


During  the  dolibonitions  of  the  Internationnl  Conpross  of  ^fatho- 
maticians  at  Koine  in  190S  steps  were  taken  to  organize  an  Inter- 
national Commission  on  the  Teaching  of  Mathematics,  the  membei*s 
of  which  were  to  prepare  or  procure  reports  on  the  teaching  of 
mathematics  in  different  countries.  Most  of  these  reports  were 
ready  for  the  Cambridge  congress  in  11)12,  l)ut  since  then  several 
more  have  appearetl.  At  this  writing  IS  countries  have  publislu^l 
178  reports,  containing  over  12,000  pages.  Germany  has  already 
issued  50  reports,  with  a  total  of  5,393  pages.  About  a  fifth  of  this 
space  is  required  by  the  United  States  for  its  14  reports  (the  present 
report  being  the  fifteenth),  and  about  a  sixth  of  the  same  space  by 
each  of  the  following  countries:  Austria,  with  13  reports;  Great 
Britain,  with  34  reports;  Switzerland,  with  9  reports;  and  Japan, 
with  2  volumes.  The  reports  of  France  cover  some  700  pages.  Of 
more  modest  dimensions  are,  in  order  of  size,  the  reports  from  Bel- 
gium, Russia  (including  Finland),  Italy,  Sweden,  Spain,  Netherlands, 
Hungary,  Denmark,  Australia,  and  Koumania  (1  report  of  16  pages). 

From  this  statement  it  will  be  observed  that  much  greater  detail 
is  given  in  the  case  of  some  countries  than  in  others.  Moreover, 
even  in  reports  of  about  the  same  length  different  subjects  are  em- 
phasized. As  this  bulletin  is  based  very  largely  upon  facts  drawn 
from  the  reports  to  the  International  Commission,  the  treatment  of 
its  sections  varies  with  the  extent  of  data  at  hand,  and  lack  of  uni- 
fonnity  is  a  necessity.  No  claim  is  made  for  originality  of  presen- 
tation. 

For  the  most  part  only  those  schools  which  are  under  the  immedi- 
ate direction  of  the  Government  have  been  considered.  And  even 
here  discussion  is  limited  to  the  best  schools  for  boys  and  to  the  teach- 
ers in  such  schools.  As  a  rule  the  schools  for  girls  are  not  as  com- 
pletely organized  nor  of  so  high  a  standard. 

It  has  seemed  to  me  desira})le  to  include  in  this  bulletin,  when 
possible,  very  brief  independent  sketches  of  the  educational  con- 
ditions in  the  various  countries,  so  that  the  reader  may  receive 
here  in  connected  form  conden.sed  but  definite  accounts  of  the  follow- 
ing phases  of  educational  work  in  the  country  under  discussion,  in 
so  far  as  they  bear  on  the  preparation  of  teachers  of  secondary 
mathematics:^   (1)  The  general  educational  scheme;   (2)  secondary 

»  For  greater  detail  along  this  line  the  reader  may  be  referred  to  Monroe's  Cyclopedia  of  Education  (5 
volumes.  New  York,  1911-1913).  As  to  mathematical  instruction  the  Rihliography  of  the  Trachin^;  of  Sfnth- 
tmatics,  I900-I9lt,  ny  I>.  E.  Smith  and  K.  (iohlr.ihcr  (Bii.  of  Kdiic,  Hul.,  1912.  No  29),  WoshinKton, 
r.ovemment  Printing  Office,  1912,  contains  titles  supplementary  to  the  bibliographies  iJi  the  following 
pages. 
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schools  and  their  relation  to  that  scheme;  (3)  the  mathematics 
taught  in  the  secondary  schools  and  the  pupils  to  whom  it  is  taught;  * 

(4)  the  inducements  (such  as  salary,  pensions,  social  position)  to 
young  men  to  take  up  secondary-school  teaching  as  a  profession; 

(5)  the  universities  of  the  country,  the  courses  of  mathematics  and 
allied  subjects  they  offer,  and  the  diplomas  or  certificates  they 
confer.  With  this  in  mind,  one  may  get  an  intelUgent  idea  both 
of  the  preparation  of  the  secondary-school  teacher  for  his  duties 
and  of  the  type  and  caliber  of  men  who  take  up  such  work.  An 
endeavor  has  been  made  to  picture  conditions  of  the  present  day. 
Only  occasional  brief  historical  comments  have  been  introduced. 

At  a  meeting  of  the  International  Commission  on  the  Teaching  of 
Mathematics  held  at  Paris  in  April,  1914,  the  commission  decided  to 
study  the  theoretical  and  practical  preparation  of  professors  of 
mathematics  in  the  secondary  schools  of  different  countries.  It  was 
considered  that  such  a  work  "would  constitute  in  a  certain  sense 
the  crown  of  the  labors  of  the  commission."  Early  in  1915  a  ques- 
tionnaire was  pubhshed  ^  in  order  to  acquaint  those  who  might 
consent  to  prepare  the  special  reports  for  different  countries  with 
the  questions  which  the  commission  wished  to  have  them  answer. 
As  far  as  I  have  been  able  to  learn,  only  two  reports  based  upon  this 
questionnaire  have  been  published  at  this  writing;  these  are  the 
brief  report  (14  pages)  by  W.  Lietzmann,  concerning  Germany,  and 
the  longer  report  on  Belgium  by  J.  Rose.  It  is  hoped  that  the 
general  report  submitted  herewith  may  be  considered  a  worthy  con- 
tribution to  the  commission's  special  inquiry. 

At  the  present  time  superintendents,  inspectors,  and  principals  in 
many  parts  of  the  United  States. have  been  forced  by  public  opinion 
to  consider  numerous  radical  changes  in  methods  of  secondary- 
school  education.  If  a  high  minimum  standard  of  preparation  were 
required  on  the  part  of  each  teacher,  and  the  position  of  the  teacher 
were  made  such  as  to  attract  in  sufficient  numbers  the  best  talent  in 
the  country,  other  difficulties  would  disappear.  Most  countries  con- 
sidered in  this  bulletin  have  far  higher  standards  than  we  with 
respect  to  teachers  of  mathematics  in  secondary  schools.  The 
degree  of  this  superiority  is  exhibited  throughout  the  following  pages, 
and  some  of  the  chief  points  are  summarized  in  the  last  chapter. 

In  what  follows,  statements  concerning  countries  now  at  war  refer, 
for  the  most  part,  to  ante  helium  days. 

R.  C.  A. 

December,  ID  17. 

>  For  fuller  account  of  the  work  in  mathematics  see  Curricula  in  Mathematics,  a  comparison  of  courses 
in  the  countries  rcpresenttd  in  the  International  Commission  on  th  Teaching  of  Mathematics,  by  J.  C.  Brown 
(Bu.  of  Educ,  Bui.,  1914,  No.  45),  Washington,  1915. 

*L' Enseignemenl  Mathematique,  tome  17,  January,  1915,  pp.  61-65.    See  also  pp.  129-145. 
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Aiistrnlin  is  politically  dividod  mto  fivo  States  (Now  South  Walos, 
Victoria,  Quconslaiid.  South  Australia,  Wostoni  Australia),  whicii 
with  tho  island  of  Tasmania  form  what  lias  hcon  knijwn  since  1901 
as  the  Commonwealth  of  Australia.  At  each  of  tho  six  capitals 
(Sydney,  Molhourno,  Brisbane,  Adelaide,  Perth,  and  Ilobart)  there 
exists  a  university  supported  in  part  by  public  funds  '  and  in  part 
by  private  endowments  and  fees  paid  by  students.  And  while  tho 
educational  conditions  vary  greatly  in  the  different  States  and  not 
a  little  in  the  same  State,  tho  universities,  whatever  their  status, 
are  the  crown  of  tho  educational  system  of  wliich  they  form  a  part. 
The  conditions  in  Now  South  Wales  and  Victoria,  each  with  a  popu- 
lation of  more  than  one  and  one-haK  millions  and  with  universitiivs 
founded  well  over  half  a  century  ago,  are  greatly  superior  to  those  in 
the  enormous  State  of  Western  Australia,  with  its  scattered  popula- 
tion of  less  than  300.000  people  (in  1911)  and  a  university  which  has 
been  in  operation  but  a  short  time. 

The  peculiarity  of  .\ustralian  education  is  that  the  State  not  only  controls,  hut 
completely  and  absolutely  supports  and  rop^ulates  tho  sy.stem  of  pul)li<-  education, 
without  support  from  or  intorferenoe  by  the  localities  in  which  the  schools  may  lie. 
Australian  education  tends  therefore  to  be  centralized, -systematic,  and  homogeneous; 
but  since  local  interest  ia  naturally  fitful,  the  external  equipment  of  the  schools  is 
u.sually  of  an  inferior  fhararter,  while  the  qualifi'-ations  of  the  teachers  are  distinctly 
superior.  Primary  education  throughout  Au.atralia  is  free,  but  wcondary  is  not. 
The  State  secondary  schools  are  fewer  and  somewhat  less  important  than  those  of  a 
semipublic  endowed  or  denominational  character. 

Tlie  organization  of  secondary  education  in  Australia  is  pa.ssing 
through  a  period  of  active  development.  But  until  very  rocontly 
the  chief  influence  upon  the  work  of  the  .secondary  schools  has  hovn 
exerted  by  the  universities,  not  only  through  their  requirements  at 
matriculation,  but  also  through  a  system  of  public  examinations  taken 
by  pupils  of  the  schools  whether  they  proposed  to  entvr  tho  univer- 

'  "The  universities.  thoiiRh  not  State  universities  In  the  usual  sense  of  the  term,  are  in  most  cases  larcely 
supported  by  the  State.  In  some  instances  the  propfirtion  of  their  revenues  derived  from  the  treasury 
is  so  large  that,  e'trept  for  the  freedom  of  their  admiuistnktion,  it  would  be  difllcult  to  distinguish  tliem 
from  StaU  institutions.^ 
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sities  or  not.  These  examinations  are  similar  to  the  Cambridge  and 
Oxford  local  examinations.  The  machinery  in  connection  with 
them  has  differed  from  State  to  State.  Since  1912  they  are  grad- 
ually being  displaced  by  a  much  more  satisfactory  system  of  State 
intermediate  and  leaving  certificates.  The  requirements  for  these 
examinations  and  certificates  give  a  fair  idea  of  the  ground  the 
teacher  must  cover  in  his  instruction.  For  the  States  in  order 
these  requirements  are: 

JUNIOR  AND  SENIOR  EXAMINATIONS. 

UNIVERSITY  OF  SYDNEY. 

Till  very  recently  the  junior  examination  was  held  in  June  of  each 
year.  Candidates  averaged  15  years  of  age.  The  examination  was 
intended  to  cover  the  first  two  or  three  years '  work  of  the  secondary 
school.  Every  student  matriculated  at  the  university  had  to  pass 
the  mathematical  papers  of  this  or  an  equivalent  examination. 
Almost  all  of  those  taking  mathematical  classes  in  their  university 
course  also  passed  the  senior  examination  in  mathematics  before 
entrance.  The  senior  examination  was  usually  taken  from  one  and 
a  half  to  two  and  a  half  years  after  the  junior;  additional  papers  or 
separate  questions  were  set  for  honor  candidates. 

In  New  South  Wales  the  above  junior  and  senior  examinations  are 
now  replaced  by  the  system  of  State  intermediate  and  leaving  certifi- 
cates. The  former  is  awarded  after  the  successful  completion  of  two 
years'  work  in  the  high  school.  The  courses  of  study  in  the  mathe- 
matical subjects  are,  in  outline,  as  follows: 

Arithmetic:  This  forms  a  part  of  the  first  and  second  years '  work  for  all  pupils.  It 
includes  mensuration,  the  plane  figures  named  in  the  syllabus  being  the  rectangle, 
triangle,  parallelogram,  quadrilateral,  and  circle.  The  solids  are  the  rectangular 
box,  prism,  pyramid,  cylinder,  cone,  and  sphere.  The  simple  numerical  trigo- 
nometry of  the  right-angled  triangle  is  also  introduced.  This  is  not  taken  in  the 
arithmetic  course  till  after  a  simple  geometric  treatment  has  made  possible  a  satis- 
factory discussion  of  the  points  involved. 

Algebra:  The  work  in  algebra  of  these  two  years  goes  up  to  simple  case  of  simul- 
taneous quadratics.  The  variation  and  change  of  sign  of  the  expressions  ax+b  and 
ax^-^-bx-^-c  are  studied  graphically  and  algebraically. 

Geometry:  Tliis  course  covers  the  subject  matter  of  Euclid's  Elements,  Books 
I-III,  with  some  freedom  from  his  methods  and  sequence.  Prop.  4,  Book  I,  is 
accepted  as  an  axiom.  PreUminary  practical  work  in  geometry  will  in  most  cases 
have  been  done  before  entrance  upon  the  course  of  the  secondary  school. 

The  third  and  fourth  years'  work  in  the  high  schools  is  divided 
into  pass  and  honor  sections.  Practically  all  pupils  have  to  do  some 
mathematical  work  in  these  two  years,  but  oidy  those  who  have 
shown  special  aptitude  for  this  study  attempt  the  full  course.  Indeed, 
some  take  only  part  of  the  pass  course,  but  all  who  desire  leaving 
certificates  to  count  as  ecj[uivalent  to  the  matriculation  examination 
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hftvo  to  satisfy  tho  oxnminors  in  ono  of  tho  two  pn-<s  mnthdmatical 
papors,  and  tlius  havo  to  reach  a  certain  stamlanl  in  alp^])ra,  ijeoino- 
try.  and  trigononiotr}-.  Tlicre  are  three  liijjjher  papers  set  in  mathe- 
matics— one  devoted  to  geometry  and  trigonometry;  another  to 
algebra,  coordinate  geomCftry,  and  th(>  elements  of  the  differential 
calciUus;  and  tho  third  to  mechanics. 

The  nature  of  tho  work  in  mathematics  tested  at  tho  leaving 
certificate  examination  is  as  follows: 

Algebra:  The  pass  work  in  algebra  distributed  over  the  third  and  fourth  years 
includes  what  may  be  described  as  "up  to  the  binomial  theorem,  with  a  positive 
integral  index."  Interest  and  annuities  are  introduced  after  logarithms,  and  graphical 
illustrations  of  maxima  and  minima,  etc.,  are  given.  The  arithmetic  course  is  eup- 
poeed  to  have  been  completed  in  the  first  two  years. 

The  additional  work  for  honors  includes:  Convergence  of  series:  the  binomial 
theorem  with  fractional  or  negative  index:  the  exponential  and  the  logarithmic  series. 

It  comprises  a  course  in  coordinate  geometry  of  the  straight  line  and  circle,  and  a 
short  introduction  to  the  differential  calculus.  Only  differentiation  of  powers  of  x 
and  simple  algebraic  expressions  need  be  attempted;  the  results  are  applied  to  the 
equations  of  tangents  in  coordinate  geometry,  to  velocity  and  acceleration,  and  to  the 
determination  of  imjiortant  areas,  surfaces,  and  volumes. 

Geonutry:  The  pass  work  completes  the  usual  elementary  course  in  geometry, 
without  solid  geometry.  The  additional  work  for  honors  is  as  follows:  Modern  geome- 
try— including  transversals;  nine  point  circle;  harmonic  ranges  and  {pencils:  pole  and 
polar:  similitude:  and  inversion.  Solid  geometry — including  the  substance  of  Euclid's 
Elements,  Book  XI,  1-21,  together  with  theorems  relating  to  the  surfaces  and  volumes 
of  the  simpler  solid  bodies.  Geometric  conies — including  the  more  important 
properties  of  the  parabola  and  the  ellipse. 

Trigonometry:  The  pass  work  takes  the  pupils  up  to  the  solution  of  triangles.  The 
honors  work,  in  addition,  includes  a  fuller  treatment  of  the  preceding,  with  circular 
measure,  De  MoivTe's  theorem,  and  certain  types  of  series. 

Mechanics:  This  subject  is  not  divided  into  pxss  and  honors.  It  comes  as  one  of  the 
higher  papers  in  mathematics.  It  is  intended  to  be  preceded  and  accompanied  by 
experimental  work.  Indeed,  in  many  schools  tho  course  is  under  the  direction  of  the 
science  master.  It  includes  the  usual  elementary  work  in  statics  and  dynamics,  with 
elementary  hydrostatics  and  atmospheric  pre.'sure. 

UNIVERSITY  OF  MELBOIRNE. 

Here  the  scheme  of  public  examinations  includes  tho  junior  and 
the  senior  examinations,  Tho  usual  age  for  the  junior  is  about  16 
and  for  the  senior  about  IS. 

At  entrance  to  the  university  a  certain  amount  of  mathematics 
is  required  for  all  the  faculties,  except  for  those  of  law  and  music. 
In  arts — arithmetic,  algebra  and  geometry:  in  engineering — arithme- 
tic, algebra,  geometry,  and  trigonometry;  in  science — arithmetic, 
algebra,  and  geometry.  The  scop(»  of  the  (examinations  in  these  sub- 
jects is  very  similar  to  that  indicated  above  in  connection  with  the 
intermediate  and  leaving  certificates. 
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%  UNIVERSITY  OF  ADELAIDE. 

Among  the  public  examinations  in  this  university  are  the  junior 
and  senior  and  a  higher  examination.  These  examinations  cover 
much  the  same  ground  as  the  junior  and  senior  examinations  in  New 
South  Wales  and  Victoria,  but  the  programs  (in  mathematics  at  least) 
do  not  include  the  work  prescribed  for  honors.  The  requirements  at 
entrance  to  the  different  faculties  are  as  follows:  Science  and  medi- 
cine— the  senior  examination  must  be  passed  in  arithmetic,  algebra, 
and  geometry;  enqineering — the  senior  examination  must  be  passed 
in  arithmetic  and  algebra,  geometry,  and  trigonometry. 

Up  to  1913  some  of  the  schools  of  Western  Australia  sent  up  their 
pupils  to  the  public  examinations  of  the  University  of  Adelaide,  but 
with  the  foundation  of  the  University  of  Western  Austraha  this 
practice  has  been  discontinued. 

UNIVERSITY  OF  QUEENSLAND. 

Until  the  year  1910  the  secondary  schools  of  Queensland  usually 
sent  up  their  pupils  for  the  pubhc  examinations  of  the  University  of 
Sydney.  The  pubhc  examination  system  has  now  been  adopted  by 
the  new  University  of  Queensland.  The  mathematical  programs  for 
its  junior  and  senior  e-xaminations  are  practically  the  same  as  those 
in  Sydney. 

UNIVERSITY  OF  TASMANIA. 

The  scheme  of  public  examinations  includes  a  junior  and  senior 
examination  somewhat  like  the  corresponding  examinations  in  Syd- 
ney. The  scope  of  these  examinations  as  regards  mathematics  has, 
however,  been  much  narrower,  A  beginning  of  better  things  was 
made  with  the  foundation  of  two  State  secondary  schools  in  1913. 
The  education  department  proposes,  with  the  assistance  of  depart- 
mental officers,  secondary  school  teachers,  and  representatives  of  the 
university,  to  frame  a  four-year  curriculum  on  hues  similar  to  that 
adopted  in  New  South  Wales,  and  it  hopes  to  get  the  university 
authorities  to  recognize  it. 

TRAINING  OF  TEACHERS. 

For  teachers  in  the  secondary  schools — public  or  private^ — a  uni- 
versity degree  has  been  in  the  past,  and  still  remains,  an  almost 
indispensable  qualification.  It  is  in  all  cases  recognized  to  be  de- 
sirable, and  in  some  cases  insisted  upon  by  the  regulations  for  regis- 
tration, that  special  training  in  the  theory  and  practice  of  education 
be  included  in  addition  to  the  work  of  the  regular  university  curricu- 
lum in  arts  or  science.  Further,  in  at  least  one  State  a  fair  number 
of  traveling  scholarships  enable  the  best  of  the  candidates  for  the 
teaching  profession  to  enjoy  a  year  or  more  in  Europe  or  America 
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at  the  chief  institutions  for  tho  training  of  teachers,  or  in  special 
study  at  the  imivei'sities. 

It  remams  to  doscrihe  the  work  of  the  teachers'  colleges  and  to 
give  indications  of  the  courses  in  mathematics  at  tho  imivorsities 
which  have  been  avaihihlo  for  the  future  secondary  school  teachers. 
For  this  purpose  it  will  be  convenient  to  take  the  difl'eront  States 
separately. 

NEW  SOLTH  WALES. 

The  Teachers' Training  Collogo  in  Sydney  was  foundwl  in  I'JOG'  for 
tho  training  of  State  scliool  teachers  and  othoi-s  who  might  dc^sire  to 
take  advantage  of  tho  courses  on  instruction  given  thereui.  Tlio 
college  proviiles  a  variety  of  courses  of  training,  varyuig  in  length 
from  six  months  to  four  years.'  The  ordinary  colh^go  course  is  tho 
two  years'  course,'  which  quahfios  for  teaching  in  tho  classes  of  the 
primary  school.  For  entrance  to  the  regular  college  coui-se  the  leaving 
certificate  or  its  e(iuivalent  is  soon  to  be  rocjuired.  For  the  present 
it  has  been  found  desiral>lo  to  admit  students  having  received  only 
the  intermediate  certilicate  granted  by  the  high  school  at  the  end  of 
two  years  of  study. 

Tho  regular  students  of  the  college  who  have  reached  the  stantlard 
of  tho  matriculation  examination  in  the  faculties  of  arts  or  science 
are  encouraged  to  attend  the  imiversity  classes,  instead  of  those  at 
the  college,  in  the  subjects  of  their  course.  They  are  admitted  to 
these  classes  without  fees.     Those  who  do  satisfactory  work  at  the 


'  Tho  erection  of  a  new  building  for  the  college  was  commenced  in  1914  on  land  provided  by  the  University 
of  Sydney.  When  completed  it  was  pUancd  that  it  should  provide  training  for  private  secondary  and 
primary  schools,  as  well  as  for  State  service. 

>  The  minimum  ago  of  admission  to  the  college  is  17  years.  The  foes  for  tninini;  courses  arc  as  follows: 
Six  monlhs.TX  10s.;  one,  two,  three,  or  four  year  courses,  1.5X  per  annum  for  those  tiikinp  both  general 
and  profcs-sional  subjects;  fees  arc  returned  to  those  who  enter  the  service  of  the  nejiartment  of  Education. 

»  Every  student  of  the  first  year  must  take  the  following  mathematical  cUisscs: 

ArUkmftic.—TbfTe  is  no  set  academic  work  in  arithmetic;  one  hour  per  week  of  each  l«nn  is  given  to 
the  method  of  teaching  the  subject,  .\mongst  others  the  foltowlug  topics  are  discussed:  Brief  hi.siorical 
review;  reasons  for  teaching  aritiimetic  present  tendencies;  real  applied  problem  movement;  nature  aud 
•ource  of  problems;  use  and  hmiiation  of  objective  material;  place  of  oral  and  written  work  in  the  xarious 
classes;  topical-spiral  treatment,  various  methods  of  leaching  sections  of  arithmetic,  the  beginmncs  of 
number  work;  plan  and  purpose  of  mechanical  work;  teaching  of  processes;  the  primary  school  ciu-riculuin. 

6V»m?/ry.— Hrief  hi.>iloncal  sketch  of  the  development  of  geometry;  Egyptian  geomolry;  (i  reek  geometry; 
the  work  of  Kuclid;  the  reform  movement  in  the  teaching  of  geometry;  the  present  attitude  toward  the  sub- 
ject; the  nature  and  pim-e  of  definition,  axiom,  postulate,  proof;  experimental  and  dcmonstratioual  geom- 
etry; the  relation  of  solid  aiul  plane  geometry;  congruence,  siaularity,  and  homology  of  llgiu'cs  and  their 
applications;  e.xtension  to  trii;ouometry. 

A  short  course  in  solid  geometry. 

Algebra.—Those  topics  in  elementary  algebra  which  require  special  treatment  in  class  teaching  are  dis- 
cussed, including  the  following:  Relation  of  ali;ebra  to  arithmetic;  literal  arithmetic. formulae  from  arith- 
metic and  mensuration;  notion  of  a  negative;  o[jorations  involving  negatives;  the  e(|uation;  solution  of 
problems  by  means  of  equations:  factors  and  thrlr  apiilications;  indices,  logarithms,  nilculations,  with 
use  of  logarithm  tables  and  slide  rule;  irrationals,  numerical  evaluations,  using  tables:  ratio,  pro[>ortion, 
variation,  and  their  application;  notion  of  a  function;  graphical  re)>resentatioo  of  the  variations  of  a  func- 
tion; discu-ssion  of  roots  of  equations,  maximum  and  minimum  values  from  graphs. 

TrigcmojnetTy. —TYiv  purpose  of  the  courscis  to  iincstipate  those  c.isos  of  the  solution  of  trianglce  which 
are  used  to  obtain  heights  and  distances. 

Notion  of  an  angle;  instruments  in  common  use  for  measuring  angles;  sine,  cnsino,  and  tangent  of  acute 
angles;  reading  sine  and  tangent  tables;  solution  of  nght-anglod  triangles;  use  of  four-ficure  tables;  cxten- 
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university  in  their  first  two  years  have  their  college  scholarships  con- 
tinued, so  as  to  enable  them  to  graduate  in  arts  or  science.  The  staffs 
of  the  high  schools  are  chiefly  recruited  from  students  of  the  Teachers' 
College  who  have  graduated  at  the  university  in  this  way. 

In  addition  to  these  courses,  a  one-year  course  is  provided  at  the 
college  for  graduates  of  the  university  who  have  not  entered  upon  the 
course  of  training  in  the  regular  way.  This  class  is  exclusively  pro- 
fessional and  qualifies  for  the  second-class  certificate  of  the  Depart- 
ment of  Education. 

Further,  special  provision  is  made  for  training  of  teachers  for 
secondary  schools.  Graduate  students  of  the  college  take  the 
courses  required  for  the  university  diplomas  in  education  or  similar 
courses  at  the  college  itself.  Candidates  for  this  diploma  must 
have  graduated  in  arts  or  science  before  admission  to  the  course. 
The  special  work  for  the  diploma  can  be  completed  in  one  year  by 
those  who  are  able  to  devote  their  whole  time  to  it.  The  require- 
ments of  the  course  are  as  follows: 

Lecture  work: 

I.  A  first  course  in  philosophy  of  education. 
II.  A  higher  course  in  education. 
III.  A  course  in  principles  of  teaching. 
IV.  A  course  in  school  hygiene. 
Practice  work: 

I.  Continuous  practice — from  8-10  hours  per  week. 
II.  Observation  and  discussion  of  lessons — from  2-4  hours  per  week. 

Li  the  course  on  prmciples  of  teachmg,  some  instruction  in  the 
methods  of  teaching  mathematics  is  given  by  one  of  the  lecturers 
in  mathematics. 

Practice  schools  for  primary  and  secondary  work  are  associated 
with  the  college.     The  principal  is  also  professor  of  education  at  the 

sion  of  deflnilions  of  sine,  cosine,  and  tangent  to  angles  between  90°  and  180°;  relations  between  sides  and 
angles  of  a  triangle;  area  of  triangle;  notion  of  triangulalion  and  application  to  simple  surveys;  heights 
and  distances  in  more  than  one  plane. 

The  mathematical  work  in  the  second  year  is  optional..  The  program  for  the  class  includes  algebra, 
trigonometry,  coordinate  geometry,  mechanics,  infinitesimal  calculus,  and  history  and  method  of  elemen- 
tary and  secondary  school  mathematics. 

Throughout  the  academic  work  the  professional  aspect  is  kept  prominently  in  view. 

Algebra.— 'Ratio,  proportion,  variation,  the  progressions  (arithmetic,  geometric,  harmonic),  permuta- 
tions and  combinations,  mathematical  induction,  binomial  theorem. 

Trigonoinetr y.—Contmua.tioa  of  first-year  course,  including  angles  of  any  magnitude,  sin  (A±B),  cos 
(A±B),  tan  (A±B),  sin  A±  sin  B,  cosA±cos  B.  Relations  between  sides  and  angles  of  a  triangle,  solution 
of  triangles,  heights  and  distances,  circular  measure,  De  MoivTe's  theorem,  simple  trigonometric  series. 

Infinitesimal  calculus. — A  course  on  the  processes  and  apphcations  of  the  differential  and  integral  calculus. 
Graphical  methods  are  freely  used  where  advantageous.  The  course  is  designed  particularly  to  complete 
the  work  in  geometry,  mechamcs,  and  trigonometry. 

M  echanics. — The  aim  of  the  course  is  to  teach  the  fundamental  mechanical  principles.  Simple  courses  of 
experiments  illustrating  the  following:  Composition  and  resolution  of  forces;  principle  of  levers;  pulleys, 
inclined  plane;  friction;  motion  of  falhng  bodies;  circular  motion;  principle  of  Archimedes;  hydraulic 
press  and  pump;  atmospheric  pressure;  easy  practical  calculations  within  this  range. 

Reading.— Students  do  directed  reading  of  mathematical  works  in  the  college  library,  as  well  as  in  the 
following  textbooks:  J.  \V.  A.  Young,  Teaching  of  Mathematics  in  the  Elementary  and  the  Secondary  Schools: 
Fink,  History  of  Mathematics,  translated  by  Beman  and  Smith. 
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university,  and  tho  work  of  tlio  coUo^o  is  carried  on  in  cooperation 
with  the  university,  so  far  as  possible. 

Let  us  now  take  note  of  the  university  mathomatiail  courses,  which 
are  open  to  our  prospective  high-school  teachers  in  connection  with 
his  course.  There  are  throe  chissos — mathematics  I,  II,  and  III. 
Eiach  is  divided  into  throe  sections — class  A,  class  B,  and  class  C. 
Candidates  for  the  degree  of  B.  A.  or  B.  Sc.  with  honors  attend  the 
honors  section  (class  A)  in  each  year,  but  it  is  possible  to  reach  the 
lowest  grnde  of  honors  by  specially  good  work  in  the  second  section 
(class  B )  in  the  three  years.     The  programs  for  class  A  are  as  follows: 

Mathematics  /ffiret  year):  .\!<]:obra,  gcomefn,',  trigonnmetn-,  statics  and  d\'namirs, 
analytic  geometn.'  of  two  dimensions,  and  the  elementa  of  the  calculus.  Those  who 
eoter  it  are  expected  to  have  previously  completed  the  mathematical  work  required 
for  honors  in  tho  senior  public  examination  or  an  equivalent  course.  The  class  ijj 
attended  by  students  in  arta,  science,  and  engineering. 

Mathematics  II  ("second  year):  The  infinitesimal  calculus,  differential  equations, 
spherical  trigonometr}',  analytic  statics,  dynamics  of  a  particle,  and  elementary-  rigid 
dynamics.  The  class  is  attended  by  the  best  students  of  Mathematics  I  when  they 
proceed  to  their  second  year. 

Mathematics  III  (third  year):  Analytdcgeometrj'of  three  dimensions,  rigid  dynamics, 
higher  analysis,  and  some  applied  mathematical  subject,  e.g.,  hydrodynamics,  sound, 
the  theory  of  electricity  and  magnetism. 

In  addition  to  these  courses  a  two-year  course  has  recently  been 
instituted  in  the  mathematics  of  insurance,  chiefly  for  actuarial 
students  and  others  who  desire  instruction  in  the  mathematics  of 
statistics. 

Since  1908  the  teacher's  promotion  depends  not  only  on  the 
classification  of  his  school  as  determined  by  average  attendance, 
but  also  on  the  improvement  of  his  qualifications.  To  qualify  for  a 
higher  grade  the  teacher  must  pass  a  series  of  examinations  as  well 
as  show  "the  requisite  degree  of  proficiency  in  practical  work." 

Solaria  paid  to  high-school  teachers. 


Te&chers. 

Men. 

Women. 

Pnodpal  of— 

Boys'  or  Riris'  school 

360-    *ot) 
300-    400 
200-    300 

£300-£4S0 

Mixed  school 

"Mwtrr"  or  "mi»tTp«s"  o(»  rlfpttrtin^nt, . 

aoo-    300 

■Aaslstaat" 

180-    250 

"Junior  start" 

U4-    180 

TICTORIA. 


Those  preparing  to  become  teachers  in  the  secondary  schools  of 
Victoria  receive  almost  all  of  their  instruction  at  the  university. 
Under  regulations  now  in  force,  every  teacher  in  a  secondary  school 
must  possess  the  university  diploma  in  education  or  an  equivalent 
qualification.  All  candidates  for  that  diploma  must  have  passed 
through  at  least  two  years  of  some  degree  course,  and  must  have  a 
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final  year  of  special  work  in  education.  As  a  matter  of  fact,  many  of 
those  working  for  the  diploma  take  their  B.  A.  or  B.  Sc.  degree  before 
entering  upon  the  special  course  in  education  for  the  diploma. 

Of  the  various  groups  of  students  entering  the  Teachers'  College 
at  Melbourne  only  those  taking  the  three  years'  course  for  the  sec- 
ondary certificate  are  of  interest  to  us.  Those  accepted  for  this 
class  must  have  passed  the  senior  public  examination  or  an  equiva- 
lent examination.  The  number  admitted  to  the  class  is  limited  to  15 
each  j^ear.  Their  course  of  training  is  the  same  as  that  for  the  diploma 
of  education  at  the  university,  with  the  addition  of  some  special 
subjects.  The  first  two  years  are  spent  in  regular  attendance  upon 
university  classes  in  arts  or  science.  Having  passed  the  first  and 
second  years'  examinations  in  arts  and  science,  they  are  then  admitted 
to  the  special  university  courses  in  education  for  the  diploma.  These 
courses  include  lectures  on  the  theory  of  education,  with  special 
reference  to  tlie  methods  of  teaching  the  various  subjects.  The 
course  in  mathematics  contains  the  following: 

(i)  Special  methods  of  teaching  arithmetic,  algebra,  geometry,  and  trigonometry, 
(ii)  A  short  history  of  elementary  mathematics, 
(iii)  General  considerations  on  the  teaching  of  mathematics. 

Students  are  required  further  to  teach  120  hours  under  supervision ; 
to  attend  lessons  given  by  members  of  the  college  staff;  and  also  to 
criticize  lessons.  Part  of  this  practice  is  obtained  in  the  primary 
schools,  and  part  in  the  special  secondary  practicing  school  attached 
to  the  Teachers'  College,,  and  in  other  schools. 

There  are  about  50  to  60  regular  students  of  the  college  each  year 
preparing  for  this  diploma,  and  in  addition  about  the  same  number 
of  university  students  are  qualifying  for  it,  in  order  that  they  may 
be  enabled  to  take  up  work  in  the  secondary  schools  outside  the  con- 
trol of  the  Department  of  Education. 

The  authorities  of  the  college  are  entitled  to  nominate  six  of  those 
who  distinguish  themselves  in  this  course  for  a  further  year's  work. 

At  the  University  of  Melbourne  courses  in  pure  and  appHed 
mathematics  are  offered  for  each  of  the  three  years. 

Pure  I.  Pass — The  course  is  analytical.  It  deals  with  the  elementary  algebraic, 
trigonometric,  exponential,  logarithmic,  and  hyperbolic  functions,  with  their  graphs 
and  derivatives;  maxima  and  minima;  elementary  processes  of  integration;  the 
definite  integral  as  the  limit  of  a  sum.  Honors — Algebra,  trigonometry,  elementary 
analytic  geometry  of  two  dimensions,  and  elementary  calculus. 

Applied  I.  Pass — Elementary  statics  and  dynamics,  with  hydrostatics.  Honors — 
A  fuller  treatment  of  the  subjects  of  the  pass  class  with  the  elements  of  vector  algebra. 

Pure  II.  Pass — -In  this  course  further  work  is  done  in  plane  analytic  geometry 
and  calculus.  Honors — This  class  continues  the  work  of  I  (honors)  in  plane  analytic 
geometry  and  the  calculus,  and  it  begins  analytic  geometry  of  three  dimensions.. 

Applied  II.  Pass — Elementary  analytic  statics  and  dynamics,  with  hydrostatics. 
SbnoT-s— Analytic  statics,  dynamies  of  a  particle,  elementary  rigid  dynamics,  and 
hydrostatics. 
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PuTe  III.  Pass — Solid  geometry  and  the  calculus,  with  differential  equations. 
Bonort — In  addition  tu  the  subject*"  for  II  (honor?):  The  functions  of  a  complex 
variable,  Fourier  s  series  and  integrals,  differential  e<juationaand  calculus  of  variations. 

Applied  III.  /'nsi— Analytic  statics  and  ilynamics,  the  elements  of  the  theories 
of  potential,  hydrodynamics,  elasticity,  and  electricity.  Honors — More  advanced 
work  in  these  subjects. 

SOUTH  AISTKALIA. 

The  foIlo^^^nf]J  is  an  outline  of  the  course  of  training  for  teachers  in 
the  schools  of  South  Australia  under  the  department  of  education  in 
Adelaide: 

1.  At  the  age  of  14  the  future  teachers  enter  the  Adelaide  high 
school.  They  remain  there  for  tliree  years  and  receiv^e  a  general 
education.  At  the  end  of  this  period  the  majority  will  have  pjissed 
the  senior  public  examination  in  the  University  of  Adelaide;  practi- 
cally every  student  passes  in  arithmetic  and  algebra;  a  large  number 
pass  also  in  geometry  and  in  trigonometry. 

2.  The  students  in  training  now  become  "junior  teachers."  and 
spend  one  to  two  years  in  primary  schools,  devoting  practically  all 
their  tune  to  their  teachmg  work. 

3.  Thereafter  they  enter  the  Teachers'  Trauiing  Odlege.  Hero 
the  students  attend  university  classes  m  various  subjects,  a  certain 
amount  of  freedom  of  selection  being  permitted.  About  20  per  cent 
take  up  what  is  called  first-year  pure  mathematics,  an  elementary 
class  at  about  the  standard  of  the  higher  pubhc  examination  in 
algebra,  geometry,  ajid  trigonometry. 

The  students  also  attend  several  training  college  lectures,  among 
these  being  a  course  in  the  pruiciples  of  teachbig.  This  course  deals 
with  the  methods  of  teaching  the  primary  school  subjects;  about 
16  out  of  a  total  of  80  hours  are  devoted  to  aritluuetic.  They  also 
spend  one  morning  per  week  at  actual  teaching  in  the  primary  schools. 

Those  who  have  shown  special  ability  both  as  students  and  teachers 
are  |)ermitted  to  remaui  a  second  year,  or  even  a  third  year,  at  the 
university.  These  students  invariably  take  up  a  certain  amount  of 
mathemntics,  usually  attending  second-year  pure  mathematics,  as 
they  will  in  most  cases  have  already  taken  the  lirst  class.  Some  also 
take  the  elementary  applied  mathematics  class.  It  is  not  uncommon 
for  mathematics,  physics,  and  chemistry  to  form  the  bulk  of  their 
work. 

Such  students  have  practice  as  before;  also  weekly  discussions  on 
the  methods  of  teaching.  Five  of  these  discussions  out  of  a  total  of 
twenty-five  deal  with  elementary  mathematics.  Tlie  majority  of 
these  students  become  high-school  teachers. 

The  mathematical  courses  oflfered  in  the  University  of  Adelaide  arc 
very  similar  to  those  of  the  universities  of  Sydney  and  Melbourne. 
Horace  Lamb  and  W.  H.  Bragg  were  for  many  ^ears  professors  in 
this  university. 
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QUEENSLAND. 

Queensland  does  not  yet  possess  any  special  college  for  the  training 
of  teachers.  In  the  ''grammar  schools"  the  staff  consists  prmcipally 
of  university  graduates.  The  high  schools  also  aun  at  making  a 
university  degree  an  almost  indispensable  qualification  for  their 
teachers. 

The  University  of  Queensland,  which  was  founded  at  Brisbane  in 
1909  and  formally  opened  in  1911,  has  an  important  sphere  of  influ- 
ence, and  the  same  general  scheme  of  mathematical  instruction  as  in 
other  States  of  the  Commonwealth  is  in  vogue. 

TASMANIA. 

Under  the  scheme  for  training  of  teachers  which  is  bemg  introduced 
in  Tasmania  candidates  pass  the  senior  public  exammation  and 
matriculate  at  the  university.  The  next  year  is  spent  in  teaching 
in  selected  schools.  Thereafter  they  enter  the  training  college  at 
Hobart,  the  minimum  age  at  entrance  being  18  years.  Tliey  attend 
university  classes  for  two  or  three  years.  All  receive  professional 
training  at  the  college. 

Mathematical  courses  at  the  university  are  similar  to  those  already 
described. 

WESTERN  AUSTRALIA. 

The  organization  here  being  in  its  infancy,  there  is  nothing  of 
exceptional  interest  to  record. 


The  universities  of  Australia  are  staffed  by  British  professors,  and 
thus  the  mathematical  work  of  the  comitry  is  fashioned  in  conformity 
with  much  the  same  ideals  as  those  held  in  the  motherland. 
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Educational  Subjects,  vol.  25,  London,  1912,  pp.  116-171,  196-198,  238-269; 

(2)  Congress  of  the  Universities  of  the  British  Empire,  1912,  Report  of  the  Proceedings, 
London,  1912;  also  the  Year  Book,  1914. 


II.   AUSTRIA. 


Austria  is  nonrly  HG.OOO  square  miles  in  extent,  and  \ts  population 
totals  in  the  vieinity  of  29,000,000.  Of  these,  about  10,000,000  are 
Gennans;  nearly  6,500,000  are  Bohemians,  Moravians,  and  Slovaks; 
at  least  5,000.000  are  Poles;  and  some  3,500,000  are  Ruthenians. 

The  minister  of  public  instruction  is  at  the  head  of  the  Austrian 
educational  system.  He  has  inspectors  of  secondary  schools  in  eacii 
of  the  14  Pntvinces  of  the  Emj)ire  ami  certain  matters  of  adminis- 
tration are  a.ssii;ned  to  local  boank.  Church  and  private  schools  are 
subject  to  the  same  regulations  as  those  of  the  State. 

SECOXD.\RY  SCHOOLS. 

Before  1908  there  were  three  general  types  of  middle  or  secondary 
schools:  (1)  The  Gvniinasium,  (2)  the  Rcalschule,  and  (3)  the  four- 
year  Realg^minix-sium,  the  courses  of  study  in  all  of  which  were  based 
upon  four  years  of  work  in  the  primary  schools.  The  fii"st  two  of 
these  types  are  still  the  most  prominent.  The  normal  age  of  the 
pupil  commencing  secondary  education  is  about  10  years. 

The  complete  Gymnasium  provides  for  a  course  of  eight  years' 
study,  divided  into  two  parts  of  four  years  each.  The  first  part  is 
referred  to  as  the  Unterg^mmasium;  the  latter  as  the  Oberg3Tnnasium. 
The  course  of  study  is  characterized  by  the  great  emphasis  laid  on 
instruction  in  Latin,  Greek,  and  Gennan,  In  pa.ssing  from  one  class 
to  another  the  pupils  undergo  very  searching  examination.  Tliis  is 
characteristic  of  all  the  Austrian  secondary  schools. 

The  seven  years'  course  of  the  Rcalschule  consists  of  two  cycles  of 
three  and  four  years  each,  corresponding  to  programs  of  the  Unter- 
reaLschule  and  Oberrealschule.  Here  the  emphasis  is  laid  on  modern 
language's  (Latin  and  Greek  are  not  taught  at  all),  mathematics, 
physics,  chemistry,  etc.;  that  is,  on  those  subjects  which  are  designed 
to  impart  technical  knowledge  and  afford  suitable  training  to  those 
intending  to  fc^lluw  indii-;frial  pursuits. 

As  a  result  of  a  ministerial  decree  in  190S,  the  establishment  of 
Realgymnjisien  and  Reform-realgymnasien,  each  with  an  eight-year 
course,  was  also  authorizetL  But,  in  what  follows,  the  Gyrnnjvsiuin 
and  Rcalschule'  only  will  be  treated  as  repres<Mitative  of  .Vustria's 
best  secondary  schools. 

*  In  1915-16  there  were  336  Gymnasicn.  of  various  forms,  (or  boys  and  Ha  Realschulrn. 
10117'J'— 18 2  15 
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The  number  of  hours  per  week  devoted  to  class  work  in  mathe- 
matics (M.),  geometric  drawing,  and  descriptive  geometry  (D.  G,),  in 
these  types  of  schools,  is  exhibited  in  the  following  table: 


Gymnasium |"jj  'q- 

Realschule 


/M. 
■\D. 


I 

II 

m 

IV 

V 

VI 

VII 

VIII 

3 

3 

3 

3 

3 

3 

3 

2 

3 

3 

2 

2 

0 

0 

0 

0 

3 

3 

3 

4 

4 

3^ 

5 

0 

0 

2 

2 

3 

3 

3 

2 

0 

Total. 


23 
10 

15 


The  total  number  of  hours  in  these  subjects  represents  about  14.7 
per  cent  of  all  class  periods  in  the  Gymnasium  and  about  16.5  per 
cent  of  those  in  the  Realschule. 

In  classes  I-VIII  of  the  G3niinasium  instruction  is  given,  according 
to  the  program  of  1909,  in  arithmetic,  algebra,  plane  and  solid  geom- 
etry, plane  trigonometry,  plane  analytic  geometry,  and  elements  of 
calculus. 

To  give  a  definite  idea  of  the  nature  of  the  contents  of  these  courses 
a  few  selections  from  the  program  may  be  made : 

Class  V:  Extension  and  completion  of  arithmetic  and  algebraic  studies  of  the 
previous  class.  Continued  practice  in  solution  of  equations  of  the  first  degree  arising 
"from  the  manifold  spheres  of  thought  in  which  they  may  be  applied."  Practice  in 
powers  and  roots  by  straightforward  examples.  Solid  geometry. — Oblique  projections  ' 
of  the  simplest  bodies  (also  of  crystalline  forms).  Plan  and  elevation  of  simple  objects 
by  observation  and  common  sense.  Conceptions  and  laws  concerning  the  mutual 
relations  of  straight  lines  and  planes;  limited  to  the  fundamental  and  typical  proposi- 
tions and  proofs  with  constant  appeal  to  observation  and  intuition.  Properties 
and  calculations  for  surface  and  volume  of  prisms  (cylinders),  pyramids  (cones),  the 
sphere,  and  their  sections  and  portions  when  in  section.  Euler's  theorem 
(S-{-F=E-{-2);  regular  polyhedra.  Obergymnasium — Class  VI:  Trigonometry. — The 
trigonometric  ratios,  their  geometric  representation,  especially  for  the  purpose  of 
giving  a  firm  grasp  of  the  characteristics  and  relations  of  these  functions.  Solution  of 
triangles.  Repeated  comparison  of  trigonometric  propositions  and  methods  with  those 
of  plane  and  solid  geometry.  Varied  applications  of  trigonometry  to  problems  in 
surveying,  geography,  astronomy,  etc.,  tlie  data  where  possible  to  be  obtained  from 
direct  (even  though  rough)  measurements  by  the  pupil.  Class  VII:  Algebra.^- 
Arithinetic  progressions  (of  the  first  order),-'  geometric  progressions.  Application 
of  the  last  especially  to  compound  interest.  Permutations  and  combinations  in  sim- 
plest cases.  Binomial  theorem  for  positive  integral  exponent.  Theory  of  probabilities. 
Analytic  geometry. — -As  a  continuation  of  the  graphic  representation  of  single  functions 
previously  given,  further  use  is  made  of  the  analytic  method  in  dealing  with  lines 
of  the  first  and  second  degree  with  reference,  when  occasion  offers,  to  the  geometric 
treatment  of  the  same  figures  and  their  relations.  Representation  of  direction  coeffi- 
cients (chiefly  those  of  the  curves  dealt  with  in  class)  by  means  of  derivatives.  Simple 
problems  of  differentiation  in  connection  with  problems  in  mathematics  and  physics. 
Approximate  solution  of  algebraic  equations  (and  of  the  simplest  transcendental 
equations  which  occur)  by  graphic  methods.     In  Class  VIII  the  two  hours  a  week  are 

'  Drawings  of  solid  bodies  to  show  several  faces, etc., not  in  true  perspective, but  free-hand  or  constructed 
according  to  very  simple  rule^.     Cf.  A.  Hofler,  Didaktik  des  mathematischen   Unterrichts,  p.  207. 

-  Ordinary  arithmetic  progressions  are  said  to  bi;  of  the  first  order.  Series  such  as  12+22+32+  .  .  .  ., 
13-1-23+33+  .  .  .  .,  are  called  A.  P.  of  higher  orders. 
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given  up  to  a  mmprohonsive  recapitulation  of  the  wholo  range  of  school  malhcniatics, 
eBpt'c-ialiy  equations,  series,  solid  peometry,  trigonometry,  and  analytic  geometry. 
Broader  and  deeper  treatment  of  particular  parts  of  the  subject.  Applications  to 
the  various  subjects  of  the  curriculum  and  to  practical  life  in  place  of  merely  formal 
exercises.  Retrospettive  and  prospective  consideration  from  historical  and  philo- 
9ophici\l  points  of  view. 

For  the  Roalschulo  tho  work  is  vt>ry  similar.  Thcrr  is  tlio  sumo 
e(Tt)rt  to  correlate  mathomatics  with  other  branches  of  ijistructioii  on 
which  it  happejis  to  bear  ami  ^\  ith  {)ractical  applications  bi  actual  life. 

Though  searching  oxanibiations  of  "orientation"  ajul  "classifica- 
tion" have  boon  the  portion  of  students  of  tiie  Gyimiasium  and 
RealscluUe  each  year,  the  final  examLmitions  (Maturitalspriifungon) 
leaduig  to  the  certificate  of  maturity  were  formerly  often  much 
feared.'  Some  amelioration  with  respect  to  the  extent  of  detail  here 
required  was  made  imperative  by  the  decree  of  1908.' 

The  main  object  of  these  examunitions  is  to  determine  whether  or 
not  the  maturity,  general  (^(ficiency,  and  devi'lopment  of  intelligence 
on  tho  part  of  tho  candidate  is  sulFicient  to  allow'  him  to  take  up 
studies  in  the  universities  or  higher  technical  schools.  Whilst  the 
examinations  for  ''classification  "  establish  in  some  measure  the  rating 
of  a  pupil's  accjuisition  with  reference  to  a  certain  part  of  tiie  pro- 
gram taught,  tho  "  Maturitiitspriifung,"  on  the  other  hand,  embraces 
the  whole  range  of  knowledge  acquired  by  th(>  pu])il  in  the  Gymnasium 
or  Realschule. 

The  examination  consists  of  tw^o  parts,  a  written  and  an  oral.  Tho 
former  includes  questions  on  the  required  languages,  on  mathematics, 
on  exercises  in  descriptive  geometry,  and  tests  in  facility  with  free- 
hand drawing.  The  oral  examination  is  on  geography,  history, 
mathematics,  descriptive  geometry,  physics,  chemistry,  and  natural 
history. 

Tho  examination  commission  pronounces  its  verdict  after  consid- 
eration of  all  the  written  and  oral  examinations  as  well  as  of  the 
grades  received  by  the  candidate  m  tests  tlurijig  the  last  year  of  his 
course.  When  a  candidate  fails  he  may  present  himself  a  second 
time  at  the  end  of  a  semester  or  of  a  3ear,  but  he  may  not  repeat 
the  examination  more  than  twice. 

UNIVERSITIES  AND  PREPARATION  OF  SECONDARY  SCHOOL  TEACHERS. 

There  are  eight  State  universities  in  Austria.  The  largest  is  the 
X'niversity  of  Vienna  (German),  with  over  10,000  students.-  Tho 
oldest,  dating  back  to  the  fourteenth  century,  is  tho  German-Bohc- 

'  Of.  F.  Wallentln,  X^tuiMUfragen  cut  der  Miithematik.  Zum  Otbraxicht  fUr  die  ob(T»tfn  Kla$»tn  der 
Oymnatien  und  Realtchulen  ziuammtnfutellt.  10.  .\uniu;p.  Wicn,  C.  Ueroldssohn,  1912.  8+197  pp. 
j4u;rojun<;fn,.';.  .\unaKO,  1906.     8+221  pp. 

'  Ld  the  summer  o(  1916  this  number  was  reduced  to  3,472 
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mian  University  of  Prague.  There  are  three  other  German  universi- 
ties, at  (iratz,  Innsbruck,  and  Czernowitz.  The  Polish  universities 
are  at  Krakow  and  Tjemberg. 

Instruction  in  the  universities  is  imparted  by  means  of:  I,  general 
courses;  II,  special  courses;  and  III,  exercises  in  proseminary  and 
seminary. 

I.  The  general  courses  arc  organized  with  a  double  aim:  (1)  To 
furnish  fundamental  theoretical  knowledge  to  those  studying  mathe- 
matics in  a  purely  scientific  spirit  and  proposing  to  terminate  their 
studios  with  the  doctorate;  (2)  to  prepare  students  destined  for 
secondary-school  teachers.  Especially  in  view  of  this  second  aim 
are  the  general  courses  usually  organized  in  cycles  of  three  or  four 
years,  and  each  year  a  course  for  beginners  is  arranged  that  they 
may  be  taught  differential  and  integral  calcidus  as  soon  as  possible, 
since  it  is  necessary  for  the  study  of  theoretical  physics. 

During  the  five  j'oars  1905-6  to  1909-10  professors  at  (1)  the 
University  of  Vienna  and  (2)  the  German  section  of  the  University 
of  Prague  gave  the  following  general  courses: 

(1)  Differentitd  and  integral  calculus,  5  hours  weekly  during  2  semes- 
ters ;  theory  of  numbers,  5  hours  during  2  semesters ;  theory  of  differen- 
tial equations,  5  hours  during  2  semesters;  calculus  of  probabihties,  3 
hours;  defmite  integrals  and  calculus  of  variations,  5  hours  during  a 
semester;  theory  of  linear  differential  equations,  5  hours;  elliptic 
functions,  5  hours;  theory  of  functions,  5  hours  during  2  ser esters; 
algebra,  5  hours  during  2  semesters;  analytic  geometry,  4  hours  dur- 
ing 2  semestei-s;  theory  of  invariants  with  geometric  applications,  2 
hours;  algebraic  curves,  2  hours;  curves  and  surfaces  of  the  third 
order,  2  hours;  synthetic  geometry,  4  hours  during  2  semesters;  dif- 
ferential geometry,  2  hours  during  2  semesters;  line  geometry,  2 
hours;  continuous  groups,  2  hours;  noneuclidean  geometry,  2  hours; 
insurance  mathematics,  4-6  hours  during  2  semesters;  mathematical 
statistics,  3  hours;  sickness  and  accident  insurance,  2  hours. 

(2)  Applications  of  infinitesimal  calculus  to  geometry,  3^  hours; 
theory  of  invariants,  2  hours;  differential  and  integral  calculus,  4-5 
hours  during  2  semesters;  systems  of  algebraic  equations,  1  hour; 
differential  equations,  5  hours;  introduction  to  calcidus  of  varia- 
tions, 1  hour;  fundamental  notions  of  analysis,  2  hours;  analytic 
geometry,  3  hours  through  3  semesters;  elements  of  the  theory  of 
functions,  3  houi-s;  elements  of  the  theory  of  numbers,  2  hours;  alge- 
braic equations,  4  hours;  introduction  to  descriptive  geometry,  2 
hours;  characteristic  features  of  infinitesimal  calculus,  3  hours  dur- 
ing 2  semesters;  theory  of  groups  and  algebraic  equations,  2  hours; 
selected  chapters  of  analytic  geometry,  2  hours;  vector  analysis,  2 
hours;  differential  equations,  3-5  hours;  contact  transformations,  2 
hours;  theory  of  transformations,   5  hours.     i\ji  equally  elaborate 
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series  of  courses  is  offered  in  the  Bohemian  section  of  the  University 
of  Prague. 

Mathematical  instruction  in  Austria  is  much  handicapped  by 
reason  of  the  fact  that  the  faculties  of  the  universities  are  so  sparsely 
staffed  with  professoi-s  of  pure  and  applied  mathematics.  In  1909-10, 
except  at  Vienna,  no  university  had  more  than  two  such  professors 
and  only  four  had  even  one  Privatdocent.  In  Italy  and  Russia  the 
number  of  these  professors  per  uiiivei-sity  averages  nearly  twice  as 
many  as  in  Austria;  in  France  and  Germany  nearly  one  and  one- 
haLf  times  as  many.  Indeed,  at  each  of  a  score  of  universities  in 
these  four  countries  there  are  more  professors  of  mathematics  than 
even  at  the  University'  of  Vienna. 

In  a  memorial  presented  in  1908  to  the  minister  of  public  instruc- 
tion and  finance  on  behalf  of  the  faculties  of  philosophy  in  Austrian 
universities  the  following  normal  program  of  mathematical  study  at 
a  university  for  a  candidate  as  a  teacher  in  a  Gymnasium  was 
outlined: 

First  year. — Introduction  to  mathematical  analysis  and  to  differential  calculus, 
elements  of  integral  calculus  with  exercises,  5  hours  a  week.  Introduction  to  geome- 
try; first  principles  of  analytic  and  synthetic  geometry,  with  exercises,  3  hours  a 
week.  A  course  of  mathematics  for  students  of  physics  and  chemistry,  5  hours  a 
week. 

Second  year. — Integral  calculiis  and  first  principles  of  the  theory  of  functions  of 
complex  variables,  with  exercises,  5  hours  a  week.  Analytic  and  differential  geome- 
try, with  exercises,  5  hours  a  week.  Principal  properties  of  algebraic  equations  and 
elements  of  the  theory  of  numbers,  with  exercises,  3  hours  a  week. 

Third,  Jourth,  and  later  years. — Higher  courses  on  the  theory  of  differential  equations, 
the  calculus  of  variations,  the  theory  of  functions,  the  theory  of  groups  of  transforma- 
tions, on  the  principles  of  arithmetic  and  of  geometry,  etc.,  at  least  3  hours  a  weak. 
Semiiiary  for  mathematical  analysis,  2  hours  a  week.  Seminary  for  geometry,  2  hours 
a  week.     Seminory  for  the  theory'  of  numbere  and  higher  algebra,  2  hours  a  week. 

On  this  scheme  the  memorial  comments  as  foUows: 

But  it  .should  be  emphasized  that  this  program  indicates  only  that  which  is  abso- 
lutely necessary  for  future  professors  in  Gymnasien;  if  one  wished  to  obtain  a  more 
extended  preparation,  which  it  should  be  the  principal  aim  of  the  univei-sity  to  fur- 
nish, it  would  be  necessary  to  augment  this  progi-am  by  a  whole  series  of  courses  in 
special  fields  of  pure  mathematics  and  on  different  branches  of  applied  mathematics. 

The  program  indicated  corresponds,  then,  only  to  a  minimum.  Now,  the  execu- 
tion of  such  a  pr6gram  requires  at  least  three  professors,  and  further,  this  number  will 
only  suffice  if  each  of  two  of  the  three  chairs  has  an  assistant  at  its  disposal.  The 
exercises  corresponding  to  elementary  courses  ought  to  be  directed  by  assistants 
xmder  the  control  of  professors.  For,  in  order  that  exercises  be  truly  profitable,  it  is 
necessary  that  they  be  individual,  ae  has  been  the  case  for  a  long  time  in  higher 
technical  schools  for  all  practical  branches  and  for  descriptive  geometry.  That  is  to 
say,  it  is  not  sufficient  to  work  out  some  examples  on  the  blackboard  in  the  class- 
room with  one  or  more  students,  rather  is  it  necessary  to  lay  before  the  students  a 
selection  of  examples  from  which  they  then  choose  according  to  their  personal  in- 
clinations some  problems  io  solve  imder  the  guidance  of  the  professor  and  assistant. 
This  personal  activity,  even  to  such  a  minor  degree,  is  particularlj  valuable  for  the 
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future  professor;  for,  in  his  teaching  he  ought  to  display  certainty  and  enthusiasm. 
On  the  other  hand,  the  proposed  reform  of  the  teaching  of  mathematics  in  the  sec- 
ondary schools  demands  a  suitable  preparation   of  the  proiessor. 

Since  of  course  the  whole  scheme  of  instruction  in  a  country  depends  first  of  all  on 
instruction  in  the  university — that  is  to  say,  since  a  good  organization  of  university 
instruction  is  of  capital  importance  for  general  instruction — the  faculty  of  philosophy 
of  the  Austrian  university  regard  it  as  lu-gent  to  satisfy  these  exigencies  of  uni- 
versity instruction. 

There  ought  then  to  be  at  least  three  chairs  of  mathematics  in  the  faculty  of  philoso- 
phy of  every  Austrian  university,  one  in  each  of  the  following  fields:  (a)  For  the 
theory  of  numbers  and  higher  algebra;  (b)  for  mathematical  analysis;  (c)  for  geometry. 
At  least  two  of  these  chairs  ought  to  be  held  by  "ordinary"  professors  provided  with 
assistants. 

As  this  memorial  did  not  bring  about  any  material  change  in  the 
situation,  we  remark  that  in  most  Austrian  universities  the  oppor- 
tunities for  scientific  preparation  of  the  professor  of  mathematics 
in  secondary  schools  are  inadequate. 

II.  Having  noted  typical  general  courses  which  may  contribute  to 
this  training,  let  us  next  consider  the  special  courses.  There  were 
no  special  courses  given  by  Privatdocenten  in  the  German  division  of 
the  University  of  Prague  during  the  five-year  period  referred  to 
above.  At  the  University  of  Vienna,  however,  Privatdocenten 
offered  the  following  courses:  Mathematical  statistics,  3  hours, 
during  2  semesters;  elliptic  functions,  2  hours,  during  2  semesters; 
quaternions  and  other  hypercomplex  number  systems,  2  horn's; 
theoretical  arithmetic,  3  hours;  differential  geometry,  2  hours; 
potential  theory,  2  hours;  Pfaff's  problem,  2  hours;  elementary 
theory  of  functions,  3  hours,  during  2  semesters;  functions  of  a  single 
real  variable,  2-3  hours,  during  2  semesters;  hj^ergeometric  series, 
2  hours;  infinite  double  series,  2  hours;  infinite  groups,  2  hours; 
theory  of  numbers,  3  hours;  foundations  of  geometry,  2  hours, 
during  2  semesters;  finite  discrete  groups,  2  hours;  review  of  more 
recent  mathematical  works,  2  hours;  complex  number  systems,  2 
hours;  selected  chapters  of  higher  algebra,  3  hours;  calculus  of 
variations,  3  hom's,  during  2  semesters;  theory  of  integral  trans- 
cendental functions,  2  hours;  determinants,  1  hour;  the  principle  of 
duality  in  geometry,  2  hours;  integral  equations,  3  hours;  selected 
chapters  of  theory  of  functions,  2  hours;  anah^sis  ^itus,  2  hom's, 
dm'ins:  2  semesters:  Tavlor's  series  and  its  analvtic extension,  2  hours; 
synopsis  of  differential  calculus  with  applications,  3  hours;  general 
theory  of  groups,  2  horn's. 

The  number  of  these  courses  offered  at  the  University  of  Vienna  is 
nearly  twice  as  large  as  the  total  of  similar  courses  offered  at  aU 
other  Austrian  universities  during  the  same  period.  The  three 
courses  given  at  the  University  of  Krakow  were:  Mathematics  in 
Poland  at  the  end  of  the  seventeenth  century,   1   hour;  Arabian 


AUSTRIA.  2 1 

mathematics,  1  hour;  history  of  mathematics  in  antiquity  and  the 
Middle  Ages,  2  houi*s. 

Special  lectures  on  topics  having  more  direct  connection  with  the 
mathematical  work  in  secondary  schools  are  not  numerous.  Occa- 
sional coui^ses  on  selected  chapters  of  elementary  mathematics  have 
been  given  by  Prof.  Zindler  at  Innsbruck.  Prof,  von  Sterneck 
claims  that  the  two-hour  year  course  on  elementary  mathematics 
which  he  fust  ofTerod  in  1909-10  and  which  was  organized  so  as  to  be 
given  every  third  year  at  the  University  of  Gratz,  was  the  only 
regular  course  of  this  nature  in  an  Austrian  university.  He  tells  us 
that  he  expounded  thoroughly  the  laws  governing  positive  integers; 
discussed  the  introduction  of  negative  integers  in  the  usual  way; 
treated  rational  numbers  in  a  purely  abstract  manner  as  number 
pairs;  discussed  in  detail  Cantor's  theory  of  number  sequence  and 
the  related  theory  of  irrational  numbers,  as  well  as  the  successive 
extensions  of  the  idea  of  power.  In  order  to  discuss  exactly  the 
convergence  of  infinite  series,  especially  the  geometric,  the  idea  of 
regular  sequence  was  also  introduced.  Rules  governing  operations 
on  complex  quantities  defined  in  connection  with  pairs  of  real  quan- 
tities were  presented  in  detail  and  the  connection  with  tlie  n  roots  of 
unity  mentioned.  The  foundations  of  geometry  were  not  presented 
with  the  same  completeness  as  to  rigor.  There  tlie  didactic  points 
of  view,  first  recommended  by  Borel  and  already  employed  by 
Suppantschitsch  in  his  textbooks  on  geometry  for  the  secondary 
schools,  were  developed,  the  questions  of  the  independence  of  the 
axioms  being  left  entirely  to  one  side. 

Spherical  trigonometry  is  not  taught  in  tlie  Gymnasien.  At  most 
universities  the  fundamental  formulae  are  derived  in  the  lectures  on 
analytic  geometry  of  space;  for  example,  at  Krakow,  Gratz,  and 
Innsbruck.  More  extended  development  occurs  in  seminary,  exer- 
cises; for  example,  those  of  Gmeiner,  at  Innsbruck,  and  Mertens,  at 
Vienna;  the  latter  in  his  proseminary  lectures  on  spherical  trigo- 
nometry and  considers  the  analogues  on  the  sphere  of  such  results  as 
Feuerbach's  theorem  and  Malfatti's  problem.  Othervvise,  spherical 
trigonometry  is  developed  in  the  lectures  on  astronomy. 

Many  persons  feel  strongly  that  regular  lecturer  on  (lescri|)tive 
geometry  should  be  given  at  all  Austrian  universities,'  but  so  far 
such  courses  have  been  established  at  Gratz  and  Innsbruck,  only. 

III.  At  every  Austrian  university,  in  addition  to  the  lectures, 
there  are  mathematical  seminary  exercises  which  allow  of  a  certain 
amount  of  individual  activity  on  the  j)art  of  the  student  as  opposed 
to  the  compulsory  receptive  attitude  in  the  lecture  room.  Each 
"ordinary"    professor  is   supposed    to   conduct   a  section   of   such 

'Of.  E.  MQller,  " Anregungen  nir  .Aosgiestaltunjr  des  darstcJIend-geomctrischrn  Intcrrichts  an  tcch- 
niscben  Hochschulen  und  Univeratkten."  Jakrnhtncht  da  druwAen  Uatkeviaitkcr-  Vircinifung,  Hand 
1»,  1910,  pp.  19-24. 
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seminary  exercises.  These  exercises  are  for  both  beginners  and 
advanced  students. 

The  section  for  beginners  is  referred  to  at  the  universities  of  Vienna, 
Prague  (Bohemian),  and  Czernowitz  as  proseminary.  The  number  of 
hours  per  week  devoted  to  all  seminar  exercises  varies  from  2  at 
Gratz  and  Innsbruck  to  4  (2  hours  proseminary)  at  Czernowitz  in  the 
winter  semester  and  4  at  Ki*akow;  of  the  3  hours  a  week  at  Vienna, 
one  hour  is  for  the  proseminary. 

Active  participation  of  members  of  the  seminary  in  its  exercises  is 
not  generally  compulsory.  An  exception  to  this  is  m  the  section  of 
the  seminary  conducted  at  Gratz  by  Prof.  v.  Dantscher,  who 
requires  three  students  each  semester  to  work  on  some  topics,  usually 
quite  independent  of  subjects  of  lectures  during  that  semester,  for 
presentation  before  fellow  students.  This  gives  the  students  in  the 
seminary  opportunity  tolcarii,  with  the  aid  of  the  professors'  criti- 
cisms, how  such  matters  should  be  treated,  before  the  preparation 
of  the  required  "Hausarbeit"  in  connection  with  the  examination 
for  secondary  school  teachers  (Lehramtspriifung).  Examples  of 
themes  of  such  required  papers  are  as  follows:  Explanation  of  the 
convergence  of  an  additive  aggregate  of  infuiitely  many  rational 
numbers;  examination  of  the  connection  between  m  functions  of  n 
variables  (Dini);  the  projective  generation  of  space  curves  of  the 
third  order;  discussion  of  double  integrals. 

In  most  cases  the  exercises  are  oral.  Those  for  the  proseminary 
have,  mainly,  direct  connection  with  the  current  lectures.  In  the 
seminary  the  topics  are  chosen  sometimes  on  the  initiative  of  the 
students  and  sometimes  on  the  recommendation  of  the  professor.  As 
a  general  thing  it  has  been  found  that  about  one-half  of  those  who 
regularly  attend  seminary  exercises  participate  in  its  discussions. 
The  value  of  such  participation  is  generally  recognized,  and  Prof.  v. 
Dantscher  has  proposed  that  it  should  be  required,  during  two 
semesters  at  least,  for  all  candidates  as  teachers  in  secondary  schools, 
just  as  exercises  in  experimental  physics  are  required. 

Examinations. — The  present  decrees  regarding  the  preparation 
of  secondary  school  teachers  were  promulgated  in  1911.  These  re- 
quire that  candidates  shall  pass  two  examinations:  (1)  A  preliminary 
examination  on  philosophy  and  pedagogy;  (2)  the  Lehramtspriifung. 
.While  more  or  less  preparation  for  these  examinations  is  provided  at 
the  universities,  the  examinations  are  not  conducted  by  the  imiver- 
sities,  but  by  State  examination  commissions  whose  members  are, 
however,  mostly  university  professors. 

(1)  In  the  preliminary  examination  the  candidate  must  show  that 
he  has  acquired  the  knowledge  of  philosophy  and  pedagogy  essential 
for  every  teacher.  This  knowledge  should  embrace  the  main  ideas 
and  principles  of  the  theory  of  education  and  mstruction  and  their 
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thooretical  foumlations  in  psycholoj^y  and  lopjic,  as  well  as  fjjoiicral 
survey  notions  of  the  principal  periods  of  the  history  of  higher 
education  since  tho  sixteenth  century. 

The  candi(hite  is  not  admitted  to  this  examination  before  tho  end 
of  the  fiftli  semester.  In  ])ri'paration  for  it  he  is  recommended  to 
take  a  four-hour  coui*se  of  lectures  in  pedagogy,  a  four-hour  course  in 
philosophy  (especially  psychology),  and,  when  possible,  courses  in 
school  hygiene  and  in  the  methodology  of  his  special  subjects.  Ho 
is  also  strongl}'  recommended  to  take  part  in  seminary  exercises  in 
pedagogy  and  in  his  special  subjects. 

'llie  (>xaniination  is  conducted  by  the  professors  in  pliilosophy  and 
pedagog}'  under  the  guidance  of  the  director  of  the  examination 
commission,  or  of  liis  deputy,  and  hists  about  half  an  liour.  Tho 
commission  gives  the  candidate  a  certificate  as  to  the  results  of  tho 
examination.  If  a  candidate  is  not  admitted  to  the  examination 
on  account  of  inadequate  preparation,  he  is  not  allowed  to  present 
himself  for  examination  again  until  another  semester  has  elapsed, 
A  certificate  that  he  has  passed  the  prelimhiary  examination  must 
be  presenteil  to  the  commission  with  tlie  application  for  admission 
to  the  Lehramtspriifurg. 

(2)  The  time  required,  as  stuilent  in  a  university,  in  preparation 
for  the  Lehramtspriifung  is  about  three  and  onc-lialf  or  four  years, 
and  the  examination  is  the  same  whether  the  candidate  is  later  to  bo 
a  teacher  in  the  G\Tmiasium  or  in  the  Ilealschule. 

The  examination  is  on  subjects  grouped  in  a  certain  way.  Those 
groups  wliich  ijwolve  mathematics  arc: 

(a)   Mathematics  and  physics  as  majors. 

(6)   Descri|)tive  geometry  and  mathenuitics  as  majors. 

(c)  Natural  history  as  major,  matiiematics  and  physics  as  minoi-s. 

(d)  Natural  history  as  major,  mathematics  and  geometrical  draw- 
ing as  minors. 

(e)  Philosophy  and  mathematics  as  majors  and  physics  as  minor. 
(/)  Chemistry  as  major  with  mathematics  and  ph3'sics  as  minors 

for  mathematics  a.<(  major  the  oflicial  recpiirements  are:  Knowledge  of 
"general  arithmetic,"  of  the  foundatio:i  of  liiglier  algebra  and  theory 
of  numbei-s  and  tlicir  significance  for  elementary  mathematics;  ele- 
mentary geometry,  synthetic  and  anal^'tic  geometry,  of  the  plane 
and  of  space;  foundations  of  descriptive  geometry;  difTerential  and 
integral  calculus  and  its  applications  to  geometry,  tho  elements  of 
the  calculus  of  variations;  familiarity  with  the  foundations  of  modern 
theory  of  functions;  and  accjuaiiitance  with  the  principal  results  of 
the  investigations  concerning  the  fouTidations  of  mathematics. 

For  mat1t( mat'ics  as  minor:  Knowledge^  of  elementary  arithmetic, 
insight  into  the  structure  of  the  field  of  real  numbers  and  into  oper- 
ations with  them;  knowledge  of  elementar}'  geometry  to  the  extent 
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of  "wliat  is  taught  in  secondary  schools,  and  exercises  in  space  percep- 
tions; accuracy  and  speed  m  the  solution  of  simple  examples  applying 
the  idea  of  a  fmiction  and  the  elements  of  differential  and  integral 
calculus  to  functions  coming  up  in  secondary  school  work. 

For  (a)  descriptive  geometry  and  (6)  geometrical  drawing:  {a) 
Thorough  grounding  in  orthogonal,  oblique,  and  central  methods  of 
projection  mcludmg  axonometry,  knowledge  of  relief  perspective,  of 
the  most  important  map  projections,  especially  of  stereographic  pro- 
jection and  of  cyclography.  Famiharity  with  the  constructions 
relating  to  curved  Unes  (especially  curves  of  the  second  order,  space 
curves  of  the  third  and  fourth  order  and  helices)  and  curved  surfaces 
(chiefly  surfaces  of  the  second  order,  surfaces  of  revolutions,  helicoidal, 
ruled  and  envelope  surfaces,  particularly  in  lighting-constructions). 
Acquaintance  with  some  applications  of  descriptive  geometry  (as 
construction  of  sundials,  roof  trusses,  sections  of  stone  (stereotomy)). 
Knowledge  of  projective  and  mfuiitesimal  geometry  in  so  far  as 
these  subjects  are  necessary  in  the  applications  of  descriptive  geom- 
etry.    Exactness  and  facihty  hi  constructive  drawing. 

(&)  Elements  of  descriptive  geometry  to  the  extent  of  the  program 
of  Realschulen.  Axonometric  representations.  Elements  of  shad- 
ows and  Unear  perspective;  the  geometrical  construction  of,  and  by 
means  of,  polygons  and  the  most  important  plane  curves,  especially 
the  conic  sections.     Exactness  and  facility  in  constructive  drawing. 

Each  examination  comprises  three  parts:  The  Hausarbeiien  (theses), 
the  written  examinations,  and  the  oral  examinations. 

To  prepare  each  of  the  theses  the  candidate  has  three  months. 
These  theses  need  not  necessarily  show  capacity  for  discovery  on  the 
part  of  the  candidate,  but  they  must  hidicate  thorough  famiharity 
with  the  literature  and  content  of  the  subjects.  In  connection  with 
a  very  large  subject  a  general  presentation  of  the  outstanding  results 
may  be  permissible.  Again,  certain  illustrations  of  a  theory  may  be 
worked  out.  The  character  of  the  topics  is  shown  by  the  following 
selection  of  themes  of  theses  in  recent  years.  (None  of  these  sub- 
jects were  discussed  in  the  lectures  at  universities  where  they  were 
assigned.) 

(a)  For  major: 

The  theory  of  Fourier's  series. 

The  isoperimetric  problem. 

Systematic  presentation  of  the  proofs  of  the  fundamental  theorem  of  algebra. 

On  Abel's  equation. 

Theta  functions  and  their  applications  in  the  theory  of  surfaces  of  the  fourth 

order. 
Historical  presentation  of  the  progress  in  the  theory  of  algebraic  equations  (in 

its  leading  features). 
Triply  orthogonal  systems  of  surfaces. 
Transcendental  numbers,  especially  e  and  w. 

Jacobi's  functional  determinants  and  their  most  important  applications. 
Method  of  derivation  of  large  prime  numbers. 
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(a)  For  major — Continued. 

The   series  for  tanx  and  aecx  and  the  most  important   properties  of   their 

coefficienta. 
The  sifnuiicance  of  ir  in  the  calculus  of  probabilities  and  theory  of  errors. 
Focal  properties  of  surfaces  of  tliu  .-second  de;jree. 
Al^rebraic  treatment  of  the  27  lines  on  a  surface  of  the  third  order. 
Reye's  complex. 
Rational  space  curves  of  the  fourth  order. 

Studv  of  the  representation  by  iv=     ^7-7—-,  -  . ,— , r 

^  J  ^  (z—a)  (z—b)  (2— c). 

(b)  For  minor: 

Solution  of  equations  of  the  third  and  fourth  dejrree. 

Properties  of  tlie  nine-point  circle. 

Theorems  of  Pa-^cal  and  Brianchon  and  their  proof  in  the  case  of  the  circle. 

The  general  term  of  the  Lam6  series  and  the  proposition  with  ropird  to  the 

greatest  common  di\'isor  of  two  expressions.* 
Elementary  geometric  treatment  of  the  problem  of  tangencies  of  Apollonius. 
A  presentation  of  pages  0,-0  of  Girard's  Intention  nouiclle  en  I'alglUre  (1629) 

in  modern  mathematical  phra.seolo.ry  and  notation. 
The  determination  of  the  15  Arcluraedcan  solids  in  terms  of  the  radius  of  the 

circumscribed  sphere. 
Weierstrass's  theory  of  irrational  numbers. 
The  theorems  of  Fermat  and  Wilson. 

In  coiinoction  with  the  written  and  oral  oxaminntions,  questions 
are  usually  asked  on  the  theory  of  symmetric  functions,  tlu^-  alt^ebraic 
sohition  of  equations  of  the  first  to  the  fourth  degrees,  and  better 
candidates  may  also  bo  questioned  on  the  elements  of  the  theory  of 
groups  and  on  the  proof  of  the  impo.ssibility  of  the  algebraic  solution 
of  equations  of  degree  higher  than  the  fourth.  Questions  on  the 
calculus  of  variations  are  usually  omitted.  In  general,  clarity  of 
perception  and  certainty  m  handUng  fundamental  theorems  arc 
valued  more  than  the  extent  of  minute  knowlodge. 

In  the  written  examination  there  is  also  opportunity  to  incHcate 
abihty  to  apply  theoretic  knowledge  to  practical  problems.  Further, 
the  examinations  pay  special  attention  to  the  subjects  of  the  stu- 
dents' university  lectures  and  seminary  exercises.  The  written 
examination  for  a  major  lasta  eight  hours,  two  sessions  of  four  hours 
on  the  same  day:  for  a  minor  four  hours  are  allowed. 

In  1908-1910,  241  persons  passed  the  professorship  examination, 
with  mathematics  and  physics  as  majors;  89  at  Vienna,  80  at  Prague, 
at  Czernowitz,  etc.,  only  1. 

Comparatively  few  students  in  Austria  procecnl  to  tlte  doctorate  in 
mathematics — less  than  50  in  the  last  45  years.  Half  of  these  were 
at  Vienna. 

In  the  examinations  of  candidates  with  mathematics  as  a  minor — 
that  is,  of  those  who  may  expect  to  become  teachers  in  the  lower 

'  This  title  refers  to  O  Lamp's  "  Note  sur  la  limito  du  nombre  des  divisions  dans  la  recherche  du  plus 
grand  commuii  diviseur  cntre  deux  nombres  entiers",  Complts  Rendut,  INH,  tome  19,  pp.  867-S70. 
The  series  of  numbers  1,  1,  2,  3,  5,  8,  13,  ."Vl,  .  .  .  ,  which  here  comes  up,  is  the  recurring  series  oltea 
called  the  Fibonacci  Series. 
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mathematical  classes  of  the  middle  schools — the  gromid  covered  is 
usually  that  of  the  Maturitiitsprufung.  Some  examiners  also 
demand  spherical  trigonometry  and  such  things  as  the  solution  of 
an  equation  of  the  third  degree  or  lay  special  emphasis  on  the  devel- 
opment of  the  power  of  space  perception. 

It  is  felt  very  strongly  by  some  Austrian  educators  that  the  lower 
standard  for  teachers  in  the  Untergymnasien  and  Unterrealschulen 
is  decidedly  detrimental  to  the  best  interests  of  these  institutions. 

After  a  candidate  for  a  professorship  in  a  secondary  school  has 
passed  the  professorship  examination,  he  has  yet  to  undergo  a  '  'trial 
year"  before  he  can  be  assigned  to  a  post.  At  least  this  is  true  in 
theory ;  in  practice  the  need  for  teachers  has  been  so  great  that  most 
of  them  have  not  had  adequate  professional  preparation.  Of  over 
200  candidates  approved  by  the  Vienna  examination  commission  and 
supposed  to  be  having  a  "'trial  year"  in  190S-9,  only  one  actually 
completed  the  work  of  the  year. 

This  trial  year  is  passed  in  a  Mittelschulseminar,  which  is  most 
successful  when  it  is  directly  connected  with  a  Gymnasium  or  Real- 
schule.  On  entering  the  Seminar  the  student  is  placed  under  a 
certain  professor  who  has  charge  of  his  development  during  the  trial 
year.  In  the  first  few  weeks  the  candidate  visits  classes  which  his 
professor  teaches,  and  notes  the  methods  employed  and  the  per- 
sonality of  the  pupils.  The  candidate  next  gives  instruction  with 
the  aid  or  under  the  direction  of  the  professor.  At  the  beginning  of 
the  second  semester  the  candidate  instructs  without  aid  for  at  least 
a  month.  Furthermore,  all  candidates  have  weekly  conferences  with 
the  guiding  professor  and  the  director  of  the  Seminar  with  reference 
to  various  questions  regarding  instruction,  school  discipline,  peda- 
gogy, school  hygiene,  and  notable  publications  m  pedagogic  hterature. 

After  8  years  of  service  professors  in  secondary  schools  are  entitled 
to  a  small  pension  in  case  of  need.  The  rate  of  pension  gradually  in- 
creases until  after  30  years  of  service  it  amounts  to  full  salary. 

BIBLIOGRAPHY.' 

F.  BERGMAXN,  Der  mathematische  Unterricht  an  den  Realschulen.  K.  KRAUS, 
Der  mathematische  Unterricht  an  den  Volis-  und  Burgerschulen.  Berichte  iiber 
den  mathematischen  Unterricht  in  Osterreich,  veranlasst  durch  die  Interna- 
tionale mathemaiische  Unterrichtkommiaaion  Heft  1.  Wien,  A.  Holder,  1910, 
6-f  81  pp. 

E.  DIXTZL,  Der  mathematische  Unterricht  an  den  Gymnasien.  (I.  M.  U.  K.,  Heft  3.) 
Wien,  Holder,  1910,  8+78  pp. 

A.  ABLER,  Der  Unterricht  in  der  darstellenden  Geometrie  an  den  Realscftulen  und 
Realgymnasien.  E.  MULLER,  Der  Unterricht  in  der  darstellenden  Geometrie 
an  den  technischen  Hochschulen.  (I.  M.  U.  K.,  Heft  9.)  Wien,  Holder,  1911, 
124  pp. 

>  See  also  U Emeiff-nement  Mathfmatique,  tome  10,  1908,  pp.  51&-522;  tome  12,  1910,  pp.  326-341;  tome 
13, 1911,  pp.  159-166,  237-243,  332-33;  tome  lo,  1913,  pp.  79-84,  par  J.  Renard. 


AUSTRIA.  27 

Syllabus  of  .Vathfrnalies  for  tht  Austrian  Gi/mnasifn.    (Educational  Pamphlet/?,  No.  22.) 

London,  Board  of  Edui-ation,  Eyre  and  Spottiswoode,  1910,  10  pp 
E.    CZUBER,     Der     malhtmntische      L'nterricht     an     den     Uchnischm     Uodnchulen  _ 

(I.  M.  V.  K.,  Heft  5.)     Wien.  Holder,  1910,  6+39  pp. 
R  V  STERNECK,  Der  mathcmatuche  Untmicht  an  den  i'niirrsildten.     (I.  M.  U.  K., 

Heft  7.)     Wien,  Holder,  1911,  6+50  pp. 
T.    KONR.\Tn,   Der  mothematische    Unterrirhl   an  den   liildungsanstalten  fur  Lehrer 

und  Lthrcrinnen.     (I.  M.  L'.  K.,  Heft  2.)     Wien,  Holder,  1910.  27  pp. 
J.  LOOS,  Die  praktiseJte  Vorbildurxg  fur  daa  habere  LehravU  in  Oslerreich.     {I.  M.  U.  K., 

Heft  4  )     Wien,  HSlder,  1910,  21  pp. 
A.  HOFLER,  Die  neuestcn  Einrichtungen   in  0 stem ich  fur  die  Vorbildung  der  Mitlel- 

schullehrer  in  Jlalheinatxi,  Philosophie  und  Pcuhgogik.     {I.  M.  U.  K.,  Heft  12.) 

Wien.  Holder,  1912,  103  pp. 
Enzyklojidlischfs  fTandbueh  drr  Erziehuiigshunde  unter  ilitu-irhting  von  Gelehrten  und 

Schulmannem  ...  hera-  egf'geben  von  J.  Lo^>«.     2  Biinde.     Wien  und  Leipzig, 

A.  Picklers  Wit  we,  1906-08. 
Articles:  "  ITobeJahr,"  "Hospilieren,"and  "  Pidagogische  Seminaro." 

W.  FRIES,  Die  wissenschaftliche  und  praktische   Vorbildung  fur  das  hohere   Lehramt. 
2.  umgearbeitete  Auflage.     Miinchen,  Beck,  1910,  6+216  pp. 
Bund  II,  .\bteUun?  I  von   Handbuch  der  EniehungB-  und  UnierriehlsUhrt  fur  hokeren  Schulen 
berau5gegeben  von  A.  Baumeister. 

E .  iL\RTI  N  A  K .  "  Zur  padagogischen  Vorbildung  fur  das  Lehramt  am  Mittelechulen. " 
Zeitschriftfur  die  oslerreichischcn  Gymnasien,  1904,  11.  Heft. 

A-    STITZ,    "Die   Ausbildung   der  ilittel8chullehramt:?kaudidateii."     Mitlelschule, 
1910,  4.  Heft. 


ni.  BELGIUM. 


Tlie  area  of  Belo^um  is  less  than  that  of  the  States  of  Maryland 
and  Delaware  together,  but  the  population  is  somewhat  greater  than 
that  of  the  Dominion  of  Canada. 

Education  is  controlled  by  the  minister  of  sciences  and  arts,  who 
has  under  him  two  general  directors,  one  for  primary  and  one  for 
secondary  and  higher  education.  For  secondary  education  the 
ministry  also  has  an  inspector  general,  nominated  by  the  King, 
and  two  ordinary  inspectors,  one  for  the  humanities,  the  other  for 
mathematics  and  science.  Authority  is  exercised  over  schools  by 
the  ministry  in  effective  manner  through  control  of  the  Government 
appropriations,  appointment  of  teachers,  regulation  of  programs,  and 
prescription  of  textbooks. 

SECONDARY  SCHOOLS. 

In  Belgium  the  better  secondary  schools  proper  may  be  roughly 
divided  into  two  classses,  those  supported  by  the  Government  and 
those  maintained  by  the  communes.  The  former  are  of  two  kinds: 
(a)  the  Athenees  Royaux  (royal  athenaeums,  called  also  higher 
middle  schools) ;  and  (6)  the  Lower  Middle  Schools  or  Middle  Schools. 
The  communal  secondary  schools  (colleges  communaux)  are  mostly 
controlled  by  the  church  or  religious  orders.  In  1912  they  included 
15  colleges,  which  ranked  about  as  high  as  the  athenees. 

(a)  The  athenees  royaux,  20  in  number,  are  subject  to  official  con- 
trol under  the  direction  of  the  King.  In  accordance  with  a  decree 
of  1888  the  courses  in  the  athenees  were  arranged  in  three  parallel 
divisions:  (1)  The  humanites  grecques-Iatines,  with  seven  years  of 
Latin  and  five  years  of  Greek;  (2)  tiie  humanites  latines,  with 
seven  years  of  Latin,  no  Greek,  and  a  very  extensive  course  in 
mathematics;  (3)  the  Tiumanites  modernes,  where  modern  languages 
serve  as  the  basis  for  teaching  during  the  seven  years.  The  three 
higher  classes  of  the  liumanites  modernes  comprise  tw^o  sections,  the 
scientific  section  and  the  commercial  section.^  The  classes  dm'ing 
the  seven  years  of  each  of  the  divisions  are  numbered  VII-I.  Pupils 
entering  VII  are  about  12  years  of  age  ^  and  have  had  the  equivalent 
of  6  years  of  training  in  the  primary  schools. 

'  Note  that  the  scheme  is  somewhat  similar  to  that  of  the  French  lyc(5es.  In  Germany  these  different 
types  of  instruction  are  given  Ln  different  schools:  the  Gymnasium,  the  Realgymnasium,  and  the  Realschule. 

-  The  minimum  age  of  admission  to  the  ath6n6es  is  11  years,  and  an  entrance  examination  must  be 
passed. 
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Tlio  mathematical  subjects  taught  in  the  atli6n^os  are  arithmetic, 
algebra,  phiiio  ami  solid  geometry,  plane  and  spherical  trigonometry, 
plane  and  analytic  geometry,  descriptive  geometry,  and  surveying. 

Number  of  hours  per  neek  devoUd  to  matheviatxcs  and  Us  applications  in  the  different 

dirisions. 


VII 

VI 

V 

IV 

HI 

n 

I 

Total. 

Gr6«k- Latin  biimanitlos  * 

3 
3 

3 
3 

3 
3 

3 
3 

3 

4 

4 

4 

3 

4 

4 
4 

3 
6 

6 
3 

3 
6 

6 
3 

3 

8 

8 
2 

21 

Latin  humftniti*V!  ^ .                

34 

Mcxlem  luimanitiM: 

(a)  Scieiitiflo  section 

34 

(6)  Commercial  section 

22 

>  Tbe  courses  in  ancient  humanities  bifurcate  at  tlie  beginning  of  the  third  year,  V. 

In  the  first  two  years  the  mathematics  is  the  same  for  all,  and  the 
programs  for  the  Latin  humanities  and  the  scientific  section  of  the 
modem  humanities  are  identical.  The  commercial  section  differs 
from  the  scientific  section  in  Classes  III-I  only.  In  Class  III  of  the 
scientific  section  the  following  subjects  are  taught: 

In  arithmetic:  General  theory  of  divisibility  of  numbers,  highest  common  divisor, 
leaat  common  multiple,  theory  of  prime  numbers,  Fermat'a  Theorem,  conversion 
of  ordinary  fractions  into  decimal  fractions  and  reciprocally,  nnnu-rical  approxi- 
mation.'^,  weii^hts  and  meamires,  operations  on  complex  numbers,  cube  root.  In 
aljebra:  Discussion  of  the  general  equation  of  the  first  degree  in  one  and  two  un- 
knowns, complete  discussion  of  the  general  equation  of  the  second  degree,  properties 
of  trinomials  of  the  second  dcErree,  questions  of  maxima  and  minima,  progressions, 
logarithms,  use  of  tables,  compound  interest,  and  annuities.  In  geometry:  Regular 
polygons,  mea9ure  of  the  circle,  determination  of  w,  problems,  notions  on  the  theory 
of  transversals.  In  plane  trigonometry:  Fundamental  formulae,  identities,  construc- 
tion, and  usage  of  trigonometric  tables,  solution  of  triangles.     Surveying  and  leveling. 

In  Class  I  of  the  Latin  humanities  two  of  the  eight  hours  a  week 
are  devoted  to  a  thorough  ro\"iew  of  algebra,  geometry,  and  trigo- 
nometry, with  new  a])phcations  of  the  theories.  In  the  remaining 
six  hours  some  of  the  topics  taken  up  are: 

Determinants  of  the  second,  third,  and  higher  orders;  elementary  properties,  appli- 
cation to  the  solution  of  a  B>'stem  of  n  equations  of  the  first  degree;  in  spherical  trigo- 
nometry: Solution  of  triangles,  spherical  excess,  radii  of  inscribed  and  circumscribed 
circles  of  a  triangle,  dl'^tance  between  two  points  on  the  earth's  surface,  volume  of 
the  parallelepipe<J  and  tetrahedrun  in  terms  of  the  edges  and  angles;  in  analytic  geom- 
etry: Principal  properties  of  p>oints,  lines,  conies,  conies  as  sections  of  a  cone,  inter- 
section and  aimilJtudfj  of  two  conies;  in  descriptive  geometri/:  Introductory  notions. 

It  may  be  added  that  the  instruction  in  the  ath^n^'c  is  maintained 
at  a  ver}'  high  standard  and  carried  out  in  such  way  as  to  arouse 
keen  competition  for  honors  and  prizes.  These  are  distributed  as 
the  outcome  of  three  examinations  each  year  for  each  class,  the 
third  being  called  the  Concours  general.  A  sample  paper  in  the 
Concours  general  of  1910  for  Class  I  in  Latin  humanities  and  scientific 
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section  will  give  a  further  indication  of  the  mathematical  standards 
of  the  athenee: 

I.  Analytic  geometry.^ — Given  a  rhombus  ABCD  whose  diagonals  AC,  BD,  are, 
respectively,  equal  to  2a  and  2b,  and  intersect  in  0.  (a)  Form  the  general  equation 
of  the  conies  S  whose  conjugate  diameters  have  the  directions  of  the  sides  BA,  BC, 
and  which  meet  the  diagonal  ^C  in  two  points  E  and  F  such  that,  OExOF=—a'^. 
Show  that  the  conies  <S  pass  through  four  fixed  points  and  construct  these  points. 
(6)  Find  the  locus  of  the  poles  of  vlC  with  respect  to  the  conies  S.  Find  also  the 
locus  of  the  points  of  contact  of  the  tangents  drawn  to  the  same  conies,  parallel  to 
AC.  (c)  Consider,  in  each  of  the  conies  S,  the  axes  of  symmetry  /,  the  polar  p  of  the 
vertex  D,  and  the  perpendicular  d  dropped  from  D  on  p.  Find  the  locus  of  the  points 
of  section  of  d  with  /  and  construct  this  locus.  II.  Descriptive  geometry. — Given  a 
line  c,  and  the  horizontal  line  a  cutting  the  frontal  line  6  in  the  point  A.  (a)  Find  on 
the  line  c  the  point  S,  equally  distant  from  the  sides  of  the  acute  angle  formed  by  a 
and  b.  (6)  From  S  drop  the  perpendiculars  SD,  SB  on  a  and  b,  respectively,  (c) 
Construct  the  quadrangular  pyramid  S-ABCD,  which  is  found  by  cutting  with  the 
plane  (a,  b)  the  solid  angle  whose  four  edges  are  SA,  SB,  c,  SD.  (d)  Give  a  repre- 
sentation of  this  pyramid,  applying  the  conventions  with  respect  to  the  parts  of  the 
drawing  of  projections  of  parts  seen  and  hidden.  III.  Demonstrate  that  the  six 
dihedrals  of  a  tetrahedron  satisfy  the  relation, 
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cos  (be) 
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where  the  four  faces  are  denoted  by  a,  b,  c,  d,  and  {pq)  denotes  the  dihedral  angle 
formed  by  the  faces  called  p  and  q. 

If  the  trihedral  angle  formed  by  the  faces  a,  b,  c  is  trirectangular,  show  that  the 
preceding  equality  reduces  to 

cos\ad)-\-cos'^{bd)-\-cos-{cd)=\. 

The  student  who  completes  any  one  of  the  courses  of  instruction 
in  an  athenee  and  passes  the  final  examination  receives  a  dipldme  de 
sortie,  wliich  admits  him  to  the  goal  of  his  amhition,  a  university. 
It  will  admit  him  to  any  faculty.  Only  in  the  special  schools  must 
an  applicant  for  admission,  whether  he  has  a  dipldme  or  not,  be 
examined  on  the  program  of  the  Latin  or  scientific  sections. 

(6)  The  State  lower  middle  schools,  of  which  there  are  about  90 
for  boys,^  "were  created  by  the  Government  to  meet  the  needs  of 
the  higher  artisan  and  commercial  classes."  Entering  pupils  for 
these  schools  and  for  the  athenees  have  the  same  preparation.  The 
courses  of  study  are  arranged  so  as  to  occupy  three  years.  The 
obligatory  courses  are:  French,  Flemish,  history,  geography,  arith- 
metic, algebra,  geometry,  zoology,  botany,  physics,  chemistry,  com- 
merce, drawing,  and  gymnastics.  As  to  mathematics,  it  corresponds 
approximately  to  what  is   taken  up   in   the  first  four  years  at  the 

»  For  solution  of  these  questions,  see  Mathesis,  1911,  vol.  31,  pp.  35-38,  61,  67. 

*  Mr.  Rose  seems  to  be  incorrect  in  stating  (p.  3.51)  that  there  are  only  about  50  of  these  schools.     CJ'.  States- 
man's Year-Book,  1917,  and  Reports  of  the  U.  S.  Commissioner  of  Education,  1913-14,  etc. 
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ath^n^es.'  Pupils  who  have  coinplottHl  the  course  of  a  lower  middle 
school  are  atiniitted  to  IV  of  an  ath^nee  without  examination  or  to 
III  after  successfully  passing  an  examination. 

THE  UNIVERSITIES. 

There  are  no  higher  normal  schools  in  Belgium,  and  except  in 
very  rare  instances  a  candidate  for  a  professorship  in  an  ath^n^e 
must  have  received  the  degree  of  doctor  from  a  university. 

There  are  four  universities — two  belonging  to  the  State,  at  Ghent 
and  Liege;  the  free  university  at  Brussels;  and  the  largest  of  all,  the 
Roman  Catholic  university  at  Louvain.^  Each  of  these  universities 
has  certain  special  schools  or  institutes  connected  with  it.  Per- 
haps the  most  famous  of  them  is  the  technical  school  attached  to 
the  University  of  Liege.  In  each  of  the  universities  there  are  four 
faculties — pliilosophy,  law,  medicine,  and  sciences.  It  is  in  connec- 
tion with  the  last-named  faculty  that  the  future  professors  of  mathe- 
matics and  professors  of  natural  science  are  formed.  On  entering 
the  faculty  of  science  as  students  these  candidates  are  required  to 
present  a  diplome  de  sortie  from  an  ath^nee  or  a  college,  or  else  to 
pass  equivalent  examinations  either  (1)  before  the  faculty  or  (2) 
before  a  jury  composed  of  professors  of  secondary  teaching  and 
appointed  by  the  minister  of  sciences  and  arts.  The  students  are 
usually  graduates  from  the  scientific  section  of  an  athenee.^ 

In  addition  to  pure  mathematics  the  future  professor  is  required 
to  study  general  physics  and  mathematical  physics,  rational  me- 
chanics, chemistry,  and  crystallography.  The  program  also  includes 
a  course  in  psychology-,  logic,  and  moral  philosophy,  as  well  as  in 
the  history  of  mathematics. 

Didactic  preparation  takes  place  at  the  same  time  as  scientific 
preparation,  each  university  possessing  a  special  chair  of  mathe- 
matical methodology. 

The  scientific  preparation  extends  over  four  years.  During  the 
first  two  years  the  student  prepares  to  secure  the  certificate  as  candi- 
date in  physical  sciences  and  mathematics.  For  three  years  the  courses 
are  the  same  for  all  the  students  of  mathematics;  in  the  fourth  year 
each  takes  up,  according  to  his  tastes,  one  or  other  of  these  groups: 
Amdysis  (including  differential  geometry),  higher  geometry,  astron- 
omy and  geodesy,  rational  mechanics  and  celestial  mechanics, 
physics.  The  thesis  for  the  doctorate  is  on  a  question  related  to  the 
group  chosen. 

>  Selected  titles  from  the  ofTicial  list  of  ma  the  matical  texts  used  intbe  athto^s  and  lower  middle  schools 
are  given  on  F>ages  234-23-^  of  thp  report  of  the  subcommission. 

•The  buildinj^  of  this  university  were  completely  deslroye<J  by  the  Germans  .\ug.  26,  1914. 

'To  meritorious  and  needy  students  the  State  awar<is,  on  the  basis  of  a  concotir*,  annual  scholarships 
amounting  to  400  francs.  These  scholarships  may  be  received  each  year  of  the  course.  There  is  generally 
one  such  scholarship  for  the  section  of  maihemaiics  in  each  university. 

101179°— IS 3 


82  TEACHERS  OF    MATHEMATICS   FOR   SECONDARY   SCHOOLS. 

The  materials  of  the  program,  which  are  about  the  same  for  all 
universities,  have  been  arranged  in  the  following  manner  by  Mr. 
Rose: 

(a)  PURE  MATHEMATICS. 

1.  Analysis — First  year. — Differential  and  integral  calculus.     Three  hours  a 

week.  Limits;  aggregates;  derivatives  and  differentials;  Taylor's  and 
Maclaurin's  theorems;  explicit  and  implicit  functions;  change  of  variable; 
maximum  and  minimum;  series;  geometric  applications  of  differential  cal- 
culus to  curves  and  to  surfaces;  integrals — processes  of  integration;  various 
types  of  integrals;  areas,  surfaces,  volumes. 

Second  year. — Definite  integrals,  differentiation  and  integration;  Eulerian 
integrals;  differential  equations;  integrable  types;  simultaneous  differential 
equations;  partial  differential  equations  of  the  first  order;  total  difference 
equations;  calculus  of  differences  and  calculus  of  variations.  Three  hours 
a  week. 

Third  year. — Theory  of  a  complex  variable;  synectic  functions;  study  of 
works  of  Abel,  Cauchy,  Riemann,  Weierstrass,  and  their  disciples.  Theory 
of  elliptic  functions  (after  Legendre).    Three  hours  a  week. 

Fourth  year. — Six  hours  a  week,  and  more  for  students  working  for  their 
doctorate  in  analysis.  Searching  study  of  a  topic  in  the  theorj'  of  func- 
tions. Elliptic  functions  according  to  Jacobi  and  Weierstrass.  Research 
in  differential  geometry  based  upon  the  work  of  Darboux  ^  and  Bianchi.  ■^ 

The  masterly  work  of  M.  de  la  VaUee-Poussin  ^  gives  a  good 
idea  of  the  subjects  covered  in  the  first  two  years. 

2.  Analytic  Geometry — First  year.     Three  hours  a  week.     Revision  of  analytic 

geometry  of  two  dimensions  and  study  of  analytic  geometry  of  three  di- 
mensions. Particular  study  of  homogeneous,  tangential,  triangular,  and 
tetrahedral  coordinates.  Generation  of  surfaces.  Surfaces  of  the  second 
degree.  For  such  work  the  notable  treatise  by  Servais  of  the  University  of 
Ghent  may  be  consulted . 

Second  year.  Three  hours  a  week.  Projective  geometry:  Study  of  forms, 
involution,  homography,  homology,  correlation,  duality,  polarity,  proper- 
ties and  generation  of  conies,  pencils,  nets,  generation  of  quadrice, 
properties.  The  texts  of  F.  Folie,*  F,  H.  G.  Deruyts,  and  of  Servais* 
illustrate  the  requirements. 

For  the  pupils  who  specialize  in  geometry  during  their  third  and  fourth 
years,  the  professor  takes  up  either  the  theory  of  plane  and  cubic  curves  and 
of  cubic  surfaces,  or  the  theory  of  forms  in  higher  geometry.  The  number 
of  hours  per  week  depends  on  the  professor.  The  works  of  F.  Folie,  F.  H.  G. 
Deruyts,  M.  Stuy vaert,  Fairon,  ^  and  L.  Godeaux  may  be  mentioned. 

^  G.Darhonx:  I.  LeQons  sur  la  theorie  generate  des  surfaces.  4  parties.  Paris,  Gauthier  Villars.  l:2e  <?d., 
1914,7+618pp.  2:2e(Sd.,1915,3+579pp.  3:1894, 8+512 pp.  4:1896,  8+548  pp.  11.  Lemons sur les systimes 
orthogonauz  et  les  coordonnees  curvilignes.    2e  6d.     Paris,  Gauthier  Villars,  1910.    3+567  pp. 

2  L.  Bianchi,  Lezioni  di  geometria  differenziale.  3  vols.  Pisa,  Spoerri,  1902-1909  (2d  edition  of  volumes  1-2). 
Second  German  edition  by  M.  Lukat.    Leipzig,  Teubner,  1910.    18+721  pp. 

3  C.  J.  de  la  Vall^e-Poussin,  Couts  d'analyse  infinitesimale.  2  tomes.  Louvain,  Dieudonn6,  l:3e  ^. 
1914-  2:2e  6d.  1912.    9+452+9+464  pp. 

*  F.  J.  P.  Folie,  Elements  d'une  theorie  des  faisceaux.  Bruxelles,  Hayez,  1878.  110  pp.  Giometric 
tuperieurc  cartcsienne,  Bruxelles,  Hayez,  1872. 

'C.  Servais:  1.  Sur  les  imaginaires  en  geometrie,  application  aux  cubiques  gauches.  Gand,  1894.  2. 
Cours  de  geometrie  analylique.     2«  6d.  Gand,  1906. 

«J.  Fairon,  Sur  les  involutions  du  quatrieme  ordre.  Bruxefles,  Hayez,  1909,  68  pp.— M.  Stuyvaert, 
"Recherches  relatives  aux  connexes  de  I'espace''  (1901)  and  "Etude  de  quelques  surfaces  alg^briques 
engendr^es  par  les  courbes  du  deuxieme  ou  du  troisifeme  ordre"  (1902).— F.  Deniyts,  "M^moire  sur  la 
tb6prie  de  Tin  volution  et  de  homographie  unicursale"  (1890). 
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(a)  PURE  MATHEMATrCS— Continued. 

3.  Algebra — Thorough  study  of  dotorminants.     General  theorj*  of  equationa; 

resolution  and  methods  of  appn^ximation  to  the  roots,  study  of  imagipa- 
ries.  Two  hours  a  wook  in  the  first  year.  Texta:  .\lgehra  by  J.  Neuberg 
or  by  P.  Mansion. 

4.  Calculus  of  Probabilities — Third  yrar.     One  hour  a  week.     Principles  and 

problems;  various  species  of  probabilities.     Bernoulli's  theorem;  theorj- of 
play;  law  of  large  numbers;  theon,'  C)f  least  squares;  application  to  annui- 
ties and  life  insurance.     Text  by  Boudin.' 
(6)  APPLIED  MATHEMATICS. 

5.  AKtronnmi/ — Sccnndyear.     Physical  astronomy.    Three  hours  a  week.    Study 

of  the  sj'stcm  of  the  world,  systems  of  coordinates,  motions,  sun,  moon, 
planets,  stars,  comets.  Applications  of  spherical  trigonometry,  element* 
of  geodesy.     Text:  Astronomy  (Collection  L6aut6)  by  Stroobant.- 

Third  year.  Three  hours  a  week.  Mathematical  astronomy,  application 
of  analysis  Ui  astronomy,  refraction,  eclipses,  calculation  of  orbits. 

In  the  fourth  year  the  students  make  a  thorough  study  of  some  branch 
of  mathematical  astronomy. 

6.  Descriptive  Geometry — First  year.     Four  hours  a  week.     Review  of  the  prin- 

ciples of  the  point,  the  line,  and  the  plane.  Study  of  trihedral  angles,  of 
curv'es  and  of  eurfares,  surfaces  of  the  second  degree  and  ruled  surfaces, 
intersections,  gt'om^trie  cot«5e.  Treatises:  By  Chom^,^  Breithof,*  de  Locht, 
Van  Rysselberghe,  and  Chargois. 

7.  Rational  Mechanics — First  year.     One  hour  a  week.     Vector  geometry  and 

statics:  Forces,  equilibrium,  virtual  velocities,  funicular  curves,  machines. 

Second  year.  One  hour  a  week.  Kinematics:  Velocity  and  accelera- 
tion, finite  motion,  in.stantaneous  motion,  continuous  motion. 

Third  year.  Dynamics.  Three  hours  a  week.  Study  of  the  motion  of 
free  point,  of  a  point  on  a  surface  or  on  a  curve.  Relative  motion. 
D'Alembert's  principle  and  the  general  eqtiations  of  dynamics  (Lagrange 
and  Hamilton).  Motions  of  a  system.  Rigid  systems.  Percussions.  At- 
traction of  ellipsoids.  Mechanics  of  fluids;  hydrodynamics.  Text:  The 
remarkable  work  by  Massau.' 

Students  who  continue  the  study  of  mechanics  during  the  fourth  year 
take  up  equations  of  mechanics  and  the  principal  theories  of  celestial 
mechanics. 

8.  Mathematical  Physics — Third  year.     Three  hours  a  week.     Study  of  the  prin- 

cipal theories  of  optics,  of  magnetism,  and  of  electricity. 

(c)  9.  HISTORY  OF  MATHEMATICS. 

Third  year.  Two  hours  a  week.  Mathematics  in  antiquity  among  the 
Egyptians,  Assjrians,  Chaldeans,  Greeks,  and  Romans.  Mathematics  of 
the  Hindus  and  Arabs.     Middle  ages. 

Fourth  year.  Two  hours  a  week.  Renaissance,  modem  times,  contem- 
porary history,  detailed  study  of  each  of  the  branches:  Arithmetic,  alge- 
bra, ge<:)metry,  analysis,  mechanics,  physics. 

>  K.  J.  Boudin,  I^co""  «"^  '<  ealeul  det  probabilUit.  The  first  edition  was  published  anonymously  In 
autoi^Bph  form  In  186.'>;  3e  ^d.  (same  as  second).    Gand,  De  WIttc.  18S9.    AiKographle,  I25pp 

'P.  Slroobant,  Pricu  d'attronomie  pr&tique.     Paris.  Masson,  1908      188+16  pp. 

•  F.  Chom^:  I.  Court  de  geomttrie  descriptive.  ,3»  (Sdition  ontiferr-rrent  reMJp,  corng6e  et  augments.  3 
vols.     DruxellPS,189S-1904.    2.  Kltmerxtiide giomltrit  dtsaijAive.    Hnxolks,  Kouwrnaar,  1898.    12+159pp. 

•N.  Breithof,  0»its  de  gtometrie  dtKriptiv:  lurfaees,  eourbu.     2  vols.     Louvain,  1875. 

»J.  Massau,  Coun  de  micanique.  2  vols.  Hand,  Meyer  Van  Loo,  1892-189C.  (.\utographl6.)  3<J5-|- 
S-t-312pp.  J^i;<ms  de  mtcaniqve  ralionnflU,2iomts.  Gand,  L'association  des  ingtoieurs  sortis  des  &oles 
sp&iales,  1911-1913.     15-|-2o9-HT+3«pp. 


34  TEACHERS   OF   MATHEMATICS   FOE   SECONDARY   SCHOOLS. 

(c)  HISTORY  OF  MATHEMATICS— Continued. 

10.  Elementary  Mathematics. 

In  the  course  on  methodology  (three  hours  a  week,  fourth  year)  the 
principles  and  foundations  of  such  matters  are  considered.  Review  of  the 
principal  theories  studied  in  the  athen^e  with  a  view  to  practical  lessons. 
Notions  of  higher  arithmetic,  of  various  kinds  of  geometry,  of  transcen- 
dental numbers.     Text:  Methodology,  by  Dauge.' 

(d)  OTHER  COURSES. 

11.  General  Physics — First  year.     Four  hours  a  week.     Study  of  the  principal 

theories  of  experimental  physics.     Treatises:  By  Schoentjes  and  Heen. 

12.  Cheviistry — Secondyear.     Four  hours  a  week.     General  organic  and  inorganic. 

Treatises:  By  Swarts,  A.  F.  Spring,  P.  Henry,  Chavanne. 

13.  Psychology,  Logic,  and  Moral  Philosophy — Second  year.     Three  hours  a  week. 

The  principal  theories  especially  of  logic. 

14.  Crystallography — Second  year.     Three  hours  a  week.     Systems,  properties, 

representation.     Types  and  properties  of  minerals.     Treatises:  By  E.  A. 
Stober,  G.  Cesaro,  Ledoux; 

Students  in  a  university  have  to  pass  annual  examinations  on  each 
of  the  subjects  of  study  during  the  year  ^  before  being  admitted  to 
the  work  of  the  following  year.  Having  satisfactorily  completed  the 
first  two  years  of  work  they  receive  diplomas  as  candidats. 

The  tests  at  the  end  of  the  fourth  year  include:  (1)  The  presenta- 
tion and  public  defense  of  a  thesis;  and,  for  those  who  are  to  become 
teachers,  (2)  the  public  delivery  of  two  lessons,  one  on  mathematics, 
the  other  on  experimental  physics.  The  subjects  of  these  lessons  are 
given  in  advance  by  the  jury  and  are  chosen  from  the  program  of 
the  ath^nees.  All  tests  having  been  successfully  passed,  the  candi- 
date becomes  a  doctor  of  physical  sciences  and  mathematics. 

The  examinations  occur  each  year  in  July  and  in  October,  and 
there  are  several  grades  of  diplomas:  With  success,  with  distinction, 
with  great  distinction,  and  with  greatest  distinction. 

PROFESSIONAL  PREPARATION. 

It  is  noteworthy  that  the  program  for  the  doctorate  includes  the 
elements  of  the  history  of  mathematics  and  a  course  on  methodology 
of  the  teaching  of  mathematics  and  of  physics.  This  latter  course 
deals  equally  with  subjects  taught  in  the  ath6nee  and  with  the  meth- 
ods of  mathematics  in  general.  The  course  lasts  one  or  two  years 
(third  and  fourth)  and  averages  about  three  hours  a  week.  The 
lessons  are  conducted  by  a  university  professor  who  has  generally 
been  a  teacher  in  the  secondary  schools  in  his  earlier  career.  They 
have  a  bearing  on  the  methods  of  teaching  each  of  the  parts  of  the 
program  of  the  ath^n^e,  and  the  professor  usually  expounds  each 
of  these  subjects  through  the  medium  of  the  students  themselves, 
aided  by  his  counsel  and  advice.     Each  student  gives  before  his  fel- 

1 F.  Dauge,  Cours  de  methodologie  mathematique.    2<  [last]  Edition.    Gand,  Hoste,  1896.    10+525  pp. 
« The  pass  mark  is  50  per  ceat. 
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lo\s-s  practical  lessons  in  mathematics  ami  physics.  These  are  after- 
wards passotl  under  critical  review  by  professor  and  students. 

While  students  are  required  to  take  a  course  in  ])sycholog3^,  peda- 
goijy  is  not  taught  at  all  systematically. 

It  Is  with  such  scientific  and  professional  preparation  that  the 
future  teacher  in  the  better  secondary  schools  enters  u])on  his  duties. 

TEACHEUS  IN  SECONDARY  SCHOOLS. 

In  the  ath6n6os  the  teaching  staff  consists  of  an  inspector  of 
studies  {preftt  des  etiides),  professors,  and  masters  {^urveilUints) . 
The  head  of  a  lower  midiile  school  is  called  a  rector.  The  inspectors, 
rectors,  and  professors  are  nominated  by  the  King,  and  must  each 
have  secured  the  doctor's  degree  at  a  university.  The  masters,  who 
are  chosen  from  candidates,  are  appointed  by  the  minister  of  sciences 
and  arts. 

In  general  the  newly  made  doctor  enters  first  either  (1)  as  profassor 
in  a  free  school  {etablissement  libre)  or  communal  college;  or  (2)  as 
temporary  or  permanent  surveiilant;  or  (3)  as  substitute  professor 
n  an  ath^n^e.  After  some  years  have  passed  in  one  or  another  of 
these  capacities,  he  may  be  ])romoted  to  a  chair  in  an  athen^e;  but  in 
many  cases  the  doctor  must  proceed  to  this  goal  by  way  of  the  posi- 
tion as  surveiilant. 

The  mathematical  chairs  vary  in  attractiveness,  according  to  the 
divisions:  (A)  Greek-Latin,  (B)  Latin,  (C)-(D)  modern  humaniti&s, 
with  which   they   are   connected.     In   establishments   of  secondary 
importance  (averaging  about  200  pupils)  there  are  ordinarily  three 
professors  of  mathematics,  one  for  division  (A)  in  VII  and  VI,  the 
course  being  the  same  for  the  divisions  (A)  and  (B) ;  a  second  for 
the  modern  humaniti&s  VII,  VI,  V,  and  IV,  and  for  (B)  V  and  IV 
finally  a  third  for  division  (C):  III,  II,  I  scientific,  and  division  (B) 
III,  II,  I.    There  Is  only  one  corresponding  professor  in  each  ath^ti^e 
he  is  the  jprofesseur  de  mathematiques  superieures.     So,  also,  there  is 
always  only  one  professor  in  division  (A).     On  the  other  hand,  the 
number  of  professors  in  the  division  of  modern  humanities  may  be 
two  or  three  and  sometimes  four,  according  to  the  number  of  ])upiL5 
(400  to  700). 

But  in  any  case  as  there  are  only  20  ath6n6es,  and  a  smaller  num- 
ber of  similar  ranking  colleges  communau.x,  the  number  of  mathe- 
matica  chairs  is  relatively  limited. 

The  number  of  teaching  hours  per  week  varies  from  18  to  21, 
according  to  the  divisions. 

The  salary  is  composed  of  two  parts:  (1)  A  variable  part,  from 
the  minerval,^  which  accrues  from  equal  distribution  among  the 
professors  -  of  fees  ])aid  by  the  pupils;  and  (2)  a  fixed  part. 

•  This  term  is  applied  to  the  (ee  paid  by  the  pupils  for  scholastic  instruction. 
'  Professors  of  drawing,  gymnastics,  and  music  are  excepted. 
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If  the  minerva'  part  does  not  amount  to  at  least  700  francs 
a  year,  the  State  makes  up  the  deficiency.  In  larger  athenees  this 
part  of  the  salary  may  range  from  900  francs  to  2,000  francs,  or  even 

more. 

As  to  the  fixed  part  of  the  salary,  the  initial  amount  is  2,600 
francs.  By  periodic  increments  it  may  reach  5,500  francs  in  the 
following  manner: 


Francs. 
Initial  salary,  2,600 
After  3  years,  2,900 
After  6  years,  3,200 
After  9  years,  3,500 
After  12  years,  3,800 


Francs. 
After  15  years,  4,100 
After  19  years,  4,500 
After  23  years,  5,000 
After  27  years,  5,500 


SurveHlants  commence  with  a  salary  of  2,200  francs,  but  have  an 
increase  of  200  francs  every  three  years;  the  years  passed  as  sur- 
veillant  or  as  substitute  teacher  count  in  fixing  the  salary  of  the 
teacher,  who  finally  becomes  a  professor. 

In  the  colleges  communaux  the  initial  salary  varies  from  1,800  to 
2,400  francs;  the  increases  vary  according  to  the  schools,  and  the 
minerval  is  not  distributed  among  the  professors.  The  years  spent 
in  a  college  communal  are  always  counted  toward  promotion  when 
a  professor  is  called  to  an  athenee. 

At  the  head  of  each  athenee  is  a  prefet  des  etudes  who  does  not 
teach  and  who  has  been  chosen  from  among  the  professors,  at  least 
40  years  of  age,  in  another  establishment.  Apart  from  the  variable 
minerval  the  salary  of  a  prefet  ranges  from  a  minimum  of  4,400  francs 
to  a  maximum  of  5,900  francs;  he  has  also  free  residence,  heat,  and 

light.  ,       ^        , 

The  chairs  at  athenees  of  large  cities  are  most  sought  after,  because 
of  the  higher  minerval  and  the  attractions  which  large  centers  offer. 
As  a  general  thing  professors  of  mathematics  start  in  division  (A) 
or  in  division  (D),  and  after  some  years  pass  to  division  (C)  if  they 
have  acquu-ed  distinction  by  their  professional  aptitude  and  their 
pubhcations.  There  is  no  definite  rule  concerning  advancement, 
though  the  rule  of  seniority  is  ordinarily  respected. 

Every  professor  60  years  of  age  is  retired  with  a  pension.  This 
pension  may  be  obtained  when  he  is  55  years  old  if  he  has  taught  for 
30  years,  or  if  he  has  had  to  give  up  work  on  account  of  disabihty. 
The  basis  of  calculating  the  pension  is  the  average  salary,  minerval 
included,  for  the  last  five  years  of  service.  The  pension  is  1/55  of 
this  amount  for  every  year  of  service,  including  the  four  years  of 
study.  Thus  a  professor  beginning  with  any  title  in  secondary-school 
work  at  the  age  of  24,  and  pensioned  at  60  years,  counts  first  .36  years 
of  service,  then  the  4  years  at  the  university.  He  has  then  the  right 
to  40/55  of  his  average  salary,  say  (40/55)  (5500  + 700)  =  (40/55)  X 
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6,200,  if  ho  has  taught  in  a  school  of  onlinary  iinjmrtanco.  The 
pension  must  not  exceed  7,500  francs. 

As  a  rule  Belgian  ]irofi»ssors  of  matliematics  in  secondary  schools 
do  not  find  time  for  scientific  research.  Those  who  do  promote 
science  by  their  publications  may  }us])ire  to  university  chairs.  Such 
has  been  the  line  of  aiivancement  of  Profs.  Xeuberg  and  Fairon  to  the 
University  of  Liege,  of  Profs.  Schoentjcs,  ServaLs,  and  Stuyvaert  to 
the  University  of  Ghent,  and  of  Profs.  Donder  and  Mathj  to  the 
University  of  Brussels, 

To  prepare  regents  or  teachers  for  the  State  lower  middle  schools, 
the  Government  has  instituted  two  normal  schools  at  NiveUes  and 
Ghent.  Admission  is  gained  (1)  by  examination,  (2)  after  study 
in  a  primary  normal  school,  or  (3)  after  having  com])letcd  the  III  or  II 
in  an  athenee.  The  course  of  studies  lasts  three  yeai"s.  The  students 
wiio  prejiare  themselves  for  the  scientific  examination'  specialize  in 
mathematical  studies  in  the  second  and  third  yeaiN.  The  program 
of  such  studies  strongly  resembles  that  of  the  scientific  divisions  of 
the  ath6n^e,  except  that  the  study  of  s])herical  trigonometry  is 
re})laced  by  that  of  mechanics.  Pedagogy  and  methoilology  are 
studied  in  thorough  fashion;  during  their  whole  course  the  future 
regents  are  required  to  give  practical  lessons  to  pupils  of  the  'ecole 
d'application"  connected  with  the  normal  school,  and  the  final 
examination  calh  for  two  lessons — one  in  science  and  one  in  mathe- 
matics. The  candidate  who  has  passed  all  necessary  examinations 
Is  qualified  to  become  a  professeur  agrege  de  V enseignement  moyen 
du  degre  inferieur  or  regent  de  V ecole  moyenne.  Owing  to  their  exces- 
sive number,  only  about  one-half  of  such  graduates  eventually  find 
a  place  in  a  State  or  communal  school.  They  start  oniinarily  as 
inMituteurs  in  a  primary  section  connected  with  the  lower  middle 
school,  and  after  a  term  of  years  are  apjiointed  jis  ])rofe-sors  of  lower 
middle  schools.  The  salary  of  a  regent  varies  from  2,100  francs  t-o 
about  4,000  francs.  Rectors  get  from  500  to  SOO  francs  more.  The 
regent  Is  required  to  teach  about  25  hours  a  week. 

The  professors  in  the  normal  schools  are  selected  from  among: 
(1)  Doctors  who  have  com])leted  their  university  studies;  (2)  the 
best  of  the  r6gents. 

'  ThiTe  arc  thro*  I  ypos  ol  courses  organiu-d  lo  de  velup  teachers  for  dilTcrcnt  groups  of  studies  in  the  lower 
middle  scbuoU.  * 
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IV.   DENMARK. 

Althou<]:h  Denmark  is  loss  than  16.000  square  mUes  in  extent,  it 
has  a  population  of  close  upon  3.000,000  people.  Tlieir  educational 
system,  which  has  always  been  closely  associated  with  the  Lutheran 
Cliurch,  ranks  liigh.  At  present  church  control  is  merely  nominal, 
although  "both  tho  bishops  and  clergy  serve  as  members  of  school 
committees  ex  oflicio,  and  aid  in  the  selection  of  teachers  and  m  the 
administration  of  the  schools."  But  apart  from  this  the  schools 
are  under  civil  ci»ntrol. 

The  minister  of  ecclesiastical  afTaii-s  and  public  instruction  is  at 
the  head  of  the  whole  educational  system,  including  the  university. 
In  each  of  the  18  comities  of  Denmark  he  delegates  certain  duties 
to  the  school  council  or  skoleraa/l;  and  to  each  of  60  districts  is  given 
control,  within  certain  limits,  of  such  things  as  the  appointment  of 
teachers,  arrangement  of  courses  of  study,  and  selection  of  texts. 

The  system  of  Danish  elementary  and  secondary  schools  was 
newly  organized  by  enactments  of  1903,  which  did  not  come  into 
complete  operation  until  1910.  As  one  result  much  greater  coordi- 
nation between  the  branches  of  education  was  brought  about.  It  is 
now  possible  to  find  a  connected  course  leading  from  tho  primary 
schools  to  the  miiversity.  Secondary  education  proper  begins  in 
the  Melleraskole  or  middle  school,  which  the  pupil  may  enter  at  the 
age  of  1 1  years..  The  regular  course  lasts  four  years.'  Those  who 
satisfactorily  complete  this  course  may  pass  on  to  tho  Gymnasium. 
Here,  as  in  iSwetlen,  the  pupil  must  elect  to  follow  one  of  three 
parallel  lines  of  study  which  he  will  pursue  during  tho  three  years  of 
the  course.  These  lines  are:  Matheruaticfi-sc'ieiu-e,  with  neither  Lat- 
in nor  Greek;  modern  langnagefi,  with  Latin,  but  no  Greek;  ancient 
languages.  When  he  completes  the  work  in  any  one  of  these  sec- 
tions the  pupil,  who  is  then  about  18  years  of  age,  presents  him- 
self for  the  "student's  examination."  A  certificate  that  ho  has 
passed  this  examination  is  sufficient  to  admit  the  student  to  the 
university;  indeed,  the  university  grants  to  every  such  stuilont  a 
"letter  of  academic  citizenship." 

In  the  matliematics-scienco  seciion  of  the  Gymnasium  mathe- 
matics is  taught  for  six  periods  a  week  during  each  of  the  three  years, 

■  .\n  pxtra  year  '  o  prepare  for  Ibe  Ucalexamea,  which  Ls  accepted  as  an  en- 

trance standard  It  ■ 
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as  compared  with  two  periods  a  week  each  year  m  the  otlier  sections. 
The  topics  taken  up  are  as  follows: 

In  Arithmetic  and  Algebra:  General  equation  of  second  degree;  maxima  and  minima; 
infinitely  great  and  infinitely  small  quantities;  symmetric  equations;  equations  of 
higher  degree  in  two  unknowns  (it  is  shown  by  examples  in  connection  with  the 
solution  of  such  equations  that  roots  may  be  lost  while  extraneous  roots  are  introduced) ; 
theory  of  exponents;  calculation  with  irrational  quantities;  theory  and  practice  of 
logarithms;  arithmetic,  geometric  and  harmonic  series;  permutations  and  combina- 
tions; binomial  theorem  with  positive  index;  interest  and  annuities;  complex  numbers; 
prime  numbers;  proof  that  a  number  can  be  broken  up  into  prime  factors  in  only  one 
way;  algebraic  equations;  the  expression  of  the  coefficients  in  terms  of  the  roots; 
the  cyclotomic  equation. 

In  Plane  Geometry:  Proof  of  the  theorem  of  proportionality  of  the  sides  of  two  similar 
triangles;  general  proof  of  the  theorem  on  the  area  of  a  right  triangle;  general  theory 
of  similitude  with  applications  to  simple  construction  problems;  regular  polygons; 
division  of  circle  into  4,  6,  10,  and  15  parts  and  calculation  of  corresponding  chords; 
length  of  the  circumference  of  a  circle  and  its  arcs;  area  of  a  circle  and  of  circular 
sectors;  the  trigonometric  functions  of  acute  and  obtuse  angles  with  simple  applica- 
tions to  solution  of  triangles;  application  of  rectangular  coordinates  to  grapliic  repre- 
sentation of  simple  functions  (e.  g.,  ax,  ax-,  ax~-\-bx-\-c,  a  :x)  for  special  values  of  the 
coefficients;  various  loci  involving  proportion;  harmonic  ranges  and  pencils;  applica- 
tions to  construction  problems. 

In  Trigonometry:  Trigonometric  functions  of  any  angles;  formulae  for  the  function? 
of  the  sum,  or  the  difference  of  two  angles,  and  for  functions  of  double  and  half  of  an 

angle;  limit  of  ^''^  ^  for  x  =  0;  solution  of  simple  trigonometric  equations;  logarithms 

X 

and  solution  of  triangles. 

In  Solid  Geometry:  Principal  propositions  on  lines  and  planes;  convex  polyhedral . 
angles;  the  rectangular  trihedral  and  the  determination  of  a  point  in  space  by  rect- 
angular coordinates;  polyhedra  with  proof  that  there  are  not  more  than  five  species 
of  regular  convex  polyhedra  and  that  the  tetrahedron,  cube,  and  octahedron  exist; 
cylinder  and  cone;  tlie  fundamental  spherical  formula;  and  their  application  to  the 
right  spherical  triangle;  congruence,  symmetry,  and  similitude;  area  of  curved  sur- 
faces, siich  as  of  the  cylinder  of  revolution,  cone  of  revolution,  sphere;  volumes  of 
prisms,  pyramids,  truncated  pyramids,  cones,  spheres,  and  sections  of  spheres;  proof 
that  plane  sections  of  a  cone  of  revolution  may  be  ellipses,  hyperbolas,  or  parabolas. 
In  the  instruction  especial  emphasis  is  laid  on  the  development  of  space  perception. 

In  Analytic  Geometry:  Determination  of  points  and  curves  by  rectangular  and  polar 
coordinates;  the  most  important  formulae  for  the  equations  of  the  straight  line  and 
circle;  parabola,  ellipse,  hyperliola;  tangents,  normals,  asymptotes,  diameters. 

In  addition  to  these  courses  one  of  the  following,  A  or  B,  is  given: 

A.  Arithmetic  and  Algebra:  Determinants  with  applications  to  linear  equations; 
continued  fractions  with  applications  to  calculation  of  irrational  square  roots  and  to 
the  solution  of  indeterminate  linear  equations.  Analytic  Geometry:  Discussion  of  the 
general  equation  of  the  second  degree  in  two  variables.  Solid  Geometry:  Icosahedron 
and  dodecahedron;  representation  of  a  simple  polyhedron  by  orthogonal  projection 
on  two  planes  at  right  angles;  plane  sections  of  these  bodies. 

B.  Infinitesimal  Calculus:  Infinitesimals;  continuous  and  discontinuous  functions; 
derivatives  of  x"  (n  rational),  of  trigonometric  functions,  of  sums,  products,  and  quo- 
tients, of  a  function  of  a  function;  Rolle's  theorem;  maxima  and  minima;  Taylor's 
series  for  integral  functions;  definite  and  indefinite  integrals;  integration  by  parts; 
simple  applications  to  geometry  and  to  physical  problems. 
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MATHEMATICS  AT  THE  UNIVERSITY. 

The  iinivorsity  course  for  the  scientific  tniiiiiiig  of  the  teacher  in 
the  secondary  schools  ends  with  the  "Skolecnibodsexamen  (t^iuchora' 
examination).  Acconling  to  regulations  of  190G,  when  a  candidate 
presents  himself  for  this  examination  with  citlior  nuithomatics  (or 
physics)  as  a  major,  he  must  also  present  as  minors  astronomy  with 
applied  mathematics,  anil  themistry  with  |)hysic-s  (or  mathematics). 
The  examination  consists  of  two  parts.  In  the  stn-ond  part  the 
examination  is  on  the  major  only.  Before  taking  tliis,  indeed  at 
the  eiul  of  the  first  year,  the  candidato  must  pass  a  university  ex- 
amination, called  the  "Filosolikum,"  in  logic,  elemonts  of  the  history 
of  philosoi)hy,  and  psychology. 

In  the  first  part  of  the  examination  the  mathematical  subjects 
are:  Analytic  geometry  of  the  plane  and  of  space;  algebra;  differential 
and  integral  calculus,  including  the  tlieory  of  infinite  series;  differ- 
ential equations  with  a  single  independent  variable;  total  and  linear 
partial  dilTerential  equations  in  tliree  variables;  application  of 
analysis  to  geometry;  statics,  kinetics,  and  hydrostatics;  advanced 
portions  of  gymnasial  mathematics  from  a  higher  point  of  view. 
For  astronomy,  in  connection  with  applied  mathematics  are  required: 
Theory  of  interpolation;  facility  in  numerical  calculation,  especially 
in  the  use  of  tables  and  ephemerides,  as  well  as  in  the  numerical 
solution  of  equations. 

For  the  second  part  of  the  examination  with  mathematics  as 
major,  candidates  must  be  prepared  to  answer  cpiestions  in  the 
following:  Function  theory  and  elementary  nundjer  theory;  methods 
of  descriptive  geometry;  projective  geometry  in  synthetic  and 
analytic  presentation;  more  thorough  treatment  of  kinematics  and 
kinetics;  special  study  of  some  part  of  muthematirs;  the  history 
of  mathematics  (in  connection  with  which  the  candidato  must 
make  himself  familiar  with  Euclid's  Elements  and  Di^scartes's  Ge- 
ometr}').'  arid  either  with  the  comj)lete  development  of  a  single 
branch  of  mathematics  or  with  the  whole  field  of  mat  hematics  in  a 
given  period. 

Both  parts  of  the  examuiations  are  oral  and  written;  the  oral  are 
public;  the  written  examination  of  the  first  part  lasts  four  hours 
and  the  special  problem  of  tiie  second  part  ten  hours.  The  can- 
didates who  have  passed  the  Filosofikum  and  Skoleembedsexamon 
are  calkxl  candiJati  phUosophiae  and  candidati  magisterli,  respec- 
tively. 

The  degree  of  doctor  of  philosophy  may  be  won  by  any  candidal  us 
magistcrii  who  has  received  the  highest  grade  and  who  has  prepared 

'To  every  mnthematirian  familinr  with  cjreek  mat  ho  mat  Ics  or  with  the  history  of  mathrmaticsthe 
names  of  Heiberf;  and  Zouthen,  proliisaors  at  the  t'Diversity  ol  Copenhagen,  are  well  known.  Tiielr 
influence  Is  doubtless  observable  In  these  unusual  requirement*. 
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a  satisfactory  thesis  which  has  been  printed.  Since  the  degree  of 
doctor  gives  the  jus  docendi,  the  thesis  may  be  regarded  as  a  Habih- 
tationsschrift.  Within  the  past  100  years  less  than  two  score  of 
these  doctors  have  been  created. 

THE  TEACHER  IN  THE  SECONDARY  SCHOOL. 

Since  1908  everyone  who  has  been  appointed  as  teacher  in  a  com- 
plete State  secondary  school  is  a  candidatus  magisterii  and  has  had 
two  years  of  professional  trainmg.  The  first  year  has  been  nor- 
mally spent  at  the  Pedagogic  Seminar  established  in  1906  and 
maintained  by  the  State.  Before  entering  upon  the  work  of  this 
seminary  each  candidate  must,  as  a  rule,  hold  a  degree  from  the 
university.  During  the  first  semester  he  receives  theoretical  instruc- 
tion which  includes:  The  history  and  principles  of  education  and 
methods  of  teaching;  a  study  of  the  development  and  present  organi- 
zation of  Danish  education;  school  hygiene,  including  the  physiology 
and  hygiene  of  adolescence.  Professors  of  university  rank  are  in 
charge  of  the  instruction.  The  examinations  covering  the  work  of 
the  course  are  both  written  and  oral.  During  the  second  semester 
the  candidate  is  occupied  in  practical  work  under  the  direction  of 
the  inspector  of  candidates  for  teaching  positions  in  gymnasia.  He 
is  given  "special  training  in  the  teaching  of  his  two  special  subjects. 
At  first  he  listens  only,  then  instructs  in  the  presence  of  the  teacher 
or  the  school  director  or  the  inspector.  The  day's  work  closes  with 
critical  discussion.  The  candidate's  work  of  the  semester  ends 
with  a  preliminary  examination  which  consists  of  two  hours  of 
teaching  in  his  major  subject  and  one  in  his  minor,  in  the  presence 
of  his  adviser,  the  headmaster  of  the  school,  and  the  State  inspector 
of  complete  secondary  schools.  After  a  further  year  of  activity  as 
assistant  or  regular  teacher  in  a  State  or  private  secondary  school  the 
candidate  must  take  his  final  examination. 

This  form  of  training  mq,y  be  omitted  "if  a  candidate  has  worked 
at  least  two  years  at  a  school  and  has  his  skill  in  teaching  tested 
by  an  examenskommission  consisting  of  three  experts  appointed  by 
the  ministry  for  that  purpose."  This  last  method  is  followed  by 
most  candidates  for  positions  in  the  secondary  schools.  The  private 
schools  in  Denmark,  as  in  Norway,  have  been  the  training  ground 
for  the  teachers  in  the  pubUc  schools. 

The  salaries  are  low,  in  general,  even  for  Denmark.  The  maximum 
salaries  range  from  2,400  krone  ($646)  for  assistant  teachers  to  5,000 
krone  ($1,346)  for  principals,  but  a  residence  is  also  provided  for  the 
principal. 

This  sketch  may  be  appropriately  conO'luded  by  a  sample  of  the 
exammatiou  problems  in  the  skoleemhedsexarnen: 
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FIRST   PART, 
i.  (4  hours.) 

Give  a  i)resontation  of  the  theory  of  pole  and  polare  for  the  rirrle  T^-^y^=r^ 
Determine  the  geometric  locus  of  the  pole  of  the  tangent*  to  an  eilipae  with  respect 
to  a  circle  whose  middle  point  is  a  focus  of  the  ellipse. 

11.  (4  hours.) 

(1)  Prove  that  the  two  infinite  series 

n^oo  n^  00 

A_      V  J^ R_     V        1 

,  n\n+l)^  ,    n* 

n=l      ^        '  n=l 

satisfy  the  condition  A+6B=10. 

(2)  Given  that  x^O  and  a?^0,  and  F(x)=x°+a°-(x+a)°,  f(x)=x2+ax+a«. 
Prove  that  F(x)  is  divisible  by  f(x)  or  (f(x))^  according  as  n=6m  — 1  or  n=Gm+l; 
m  is  a  positive  integer. 

(3)  lAit/{x)  be  a  rational  integral  function  of  z,  let  a  and  b  be  constants  and  &}^0. 
Prove  that  the  differential  equation 

(ax+b)  g+|y=f(x) 

has  one  and  only  one  particular  integral  which  is  arational  integral  function  of  x;  and 
give  a  method  for  determining  this  particular  integral. 

Ul.  (4  hours.) 

(1)  On  the  arc  of  a  curve  is  a  fixed  point  O  and  any  point  M.  The  length  of  arc 
O  M  =«  can  assume  the  values  from  —a  to +a,  and  the  radius  of  curvature  in  M  is  given 
by  p=Va-  — 8-.  With  rectangular  coordinate  system  having  origin  at  O  and  r  — axis 
coincident  with  the  tangent  to  the  curve  at  O,  find  the  coordinates  of  M  expressed  in 
terms  of  the  angle  between  the  x  — axis  and  the  tangent  at  M. 

(2)  Determine  the  coordinates  of  the  center  of  gravity  of  the  arc  of  the  catenary 
(regarded  aa  a  material  homogeneous  line), 

—        _  JL 
a  .     a    ,         a  V 
y=2(e     +e        ), 

which  extends  from  the  intersection  with  the  y— axis  to  a  point  with  the  ab.sciesa  x. 
Show  that  the  center  of  gravity  has  the  same  ab'^inMa  as  the  intersection  nf  the  tangents 
at  the  ends  of  the  arc,  and  an  ordinate  which  is  half  of  the  ordinate  of  the  point  of 
intersection  of  the  normals  at  the  end  points  of  the  ire. 

SECOND     PART. 
1.  (4  hours.) 

(1)  If  the  power  series  2:a„x°  has  the  radius  of  convergence  r>0,  the  reeion  of 
convergence  of  the  series  f(x)  =  2;an  (x-'+x)"  is  determined.  Seek  the  nature  of  con- 
vergence of  this  scries  and  show  that  the  sum  of  the  Hories  for  r>J  satisfies  the  con- 
dition f(—x—l)=f(x),  and  ascertain  the  series  derived  from  the  identity  (l-|-2x)^»'= 
(l-|-4(x^-|-x))''  in  the  above  form. 

(2)  The  p<iint  (1,  1,  1)  in  trilinear  coordinates  is  projected  from  the  throe  angular 
points  a,  b,  and  c  of  the  fundamental  triangle  on  the  opposite  sides  t^j  the  points  p, 
9. and  r.  A  conic,  K,,  is  tangent  to  ac  in  7  and  ab  in  r  and  cuts  pr  again  in  uand  pq 
in  V.  A  second  conic  K_.  is  tangent  to  ba  in  r  and  be  in  p  and  cuts  qr  again  in  y,  pq 
in  z;  X  is  the  p«iint  of  intersection  of  the  lines  uv  and  yz.  What  is  the  geometric  locus 
of  r  if  K,  and  Kj  vary  in  such  a  way  that  i  and  2  aro  harmonically  conjugate  to  p 
and  q. 
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ii.  (4  hours.) 

(1)  Given  that  |  x  |  ?^  1,  and  that  the  positive  integer  n  increases  without  limit. 
Determine  the  limits  of 


A„=^log(x^-l) 


and 


B„=-      2       log(l-2xco8P?+x2), 

p=l 

and  write  the  last  as  a  definite  integral. 

(2)  Determine  the  radius  of  convergence  of  the  power-series 

00  x° 

1+    2    /^+2n\ 
n=U     n     ) 

and  discuss  the  behavior  of  the  series  on  the  periphery  of  the  circle  of  convergence. 
If  for  special  values  of  v  some  of  the  binomial  coefficients  in  the  above  series  are  zero, 
the  corresponding  members  of  the  series  are  to  be  left  out. 

(3)  Show  that  a:=3,  y=\l  are  the  only  positive  integral  values  of  x  and  y  which  satisfy 
the  indeterminate  equation 

l+x+x2+x3+x*=y2. 

lil.  (4  hours.) 

A  rectangular  coordinate  system  {X,  Y,  Z)  in  space  is  turned  with  an  angular 
velocity  w  about  the  .Z— axis  which  is  vertical.  A  straight,  material,  homogeneous 
rod,  whose  thickness  is  neglected,  of  length  21  and  mass  M,  is  so  placed  that  its  end 
points  a  and  b  move  without  friction  along  the  X  — axis  and  the  F— axis.  At  a  cer- 
tain instant  a  is  at  the  origin  and  has  the  velocity  2lco  in  the  direction  of  the  X  — axis, 
while  b  has  a  positive  I^— coordinate.  Determine  the  angular  velocity  of  the  rod  in 
its  relative  motion  with  respect  to  the  system  (X,  Y,  Z)  at  a  given  instant;  also  deter- 
mine the  relative,  as  well  as  the  absolute  motion  of  the  end  and  of  the  middle  point 
of  the  rod.  If  the  system  {X,  F",  Z)  has  turned  through  45°  and  is  suddenly  stopped, 
the  rod  will  move  further,  since  a  and  b  slide  without  friction  on  the  X— axis  and  the 
F— axis.    Determine  the  angular  velocity  of  the  rod  immediately  after  the  impulse. 

iv.  Course  problem  (10  hours.) 

Discuss  figured  numbers,  especially  polygonal  numbers  and  their  application  to 
the  representation  of  other  numbers. 

Heegaard  gives  a  list  of  works  used  by  candidates  in  preparing  for 

such  examinations. 
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After  an  elementary  school  course  of  eight  years,  there  follows  a  four-year  continuation  school 
preparing  for  the  two-year  course  in  the  "  people's  high  school."  This  school  is  not  properly  classed 
with  secondary  schools.    The  normal  age  of  pupils  entering  it  is  18. 


V.  ENGLAND. 


It  hfts  boon  woU  rcMiinrkod  that — 

few  nations  show  the  intliu'iice  of  so  many  different  forces  in  their  edueational  history 
as  may  bo  recognized  in  tliat  of  Enj,'laud — the  church,  the  state,  economic  conditions, 
private  enterprise,  philanthropic  endeavor,  educational  theories — all  have  contributed 
some  tradition  to  what  is  gradually  developing  into  a  well-defined  system. 

By  act  of  1899  a  central  Board  of  Education  was  created.  Tliis 
consists  of  a  president  and  various  State  representatives,  the  chan- 
cellor of  the  exchequer,  and  the  secretary  of  the  treasury.  .The  act  also 
proviiied  for  a  committee  of  18  members  (15  men  and  3  women)  to  act 
in  an  advisory  ca])acity  to  the  board.  The  number  of  members  in 
this  committee  was  increased  to  21  in  1907. 

The  board  is  divided  into  four  departments:  (1)  Elementary  edu- 
cation; (2)  higher  education;'  (3)  technical  education;  (4)  university . 

etlucation. 

SECONDARY  SCHOOLS. 

The  secretary  of  "higher  education"  has  3  assistant  secretaries 
and  15  regular  district  inspectors  under  him;  there  are  also  27  part- 
time  inspectors. 

A  secondary  school  as  defined  by  the  board,  is  a  school  which — 

offers  to  each  of  its  pupils  a  progressive  course  of  instruction  (with  the  requi^jite  organi- 
zation, ciurirulum,  teaching  staff,  and  equipment)  in  the  subjects  necessary  to  a  good 
general  education,  upon  lines  suitable  for  pupils  of  an  age-range  at  least  as  wide  aa 
from  12  to  17.  This  definition,  which  applies  both  to  those  schools  recognized  for 
grant '  and  to  those  which,  though  not  in  receipt  of  grant,  are  placed  by  the  board  on 
their  ILst  of  etficient  schools,*  determines  the  minimum  re(iuiroments  upon  which  the 
board  must  insist. 

'  The  term  "higher  education"  m  employed  here  refers  to  the  work  of  the  secondary  schoob  and  of  those 
schools, such  as  evening  schools,  which  give  instruction  "higher"  thiui  "elementary."     C/.  note  .3,  page  78. 

>  To  secondary  schools  that  meet  certivin  specified  conditions  (includinf;  the  provision  for  free  instmction 
of  a  certain  numl>cr  of  pupiLi  aiming  from  the  elementary  schools),  annual  grants  are  paid,  as  follows: 
For  each  pupil  between  10  and  12  years  of  age,  and  who,  lor  two  years  immediately  hcfore  entering  the 
secondary  school,  had  attended  a  public  elementary  school,  £2.  For  each  pupil  12  to  18  years  of  age,  £5. 
An  additional  grant  of  £1  for  each  pupil  13  to  18  years  of  age  in  a  school  which  satisflca  the  following 
conditions:  (1)  Provides  for  the  preliminary  education  of  elementary  sciiool  teachers  as  bursars  or  has  a 
pupil-teacher  center  forming  an  integral  part  of  the  school;  (2)  has  oITered  not  less  than  25  per  cent  of  free 
places. 

Extra  grants  are  made  on  the  basis  of  certain  other  considerations.  (A.  T.  Bmitb,  in  Cyclopedia  of 
Education,  edited  by  Monroe.) 

In  1909-10  the  grants  to  secondary  schools  and  for  the  training  of  secondary  school  teachers  amounted  to 
£791,230. 

•  On  July  31,  1913,  there  were  1,008  schools  on  the  board  of  education  list  of  "cfflcient  "  secondary  schools 
for  boj-s  and  girls.  M  these  schools  there  were,  in  1913,  179,068  pu  pils  (boys,  about  54  per  cent).  Of  this 
total  more  than  one-fourth  were  on  the  free  basis. 
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Those  cardinal  subjects  whicli  must  be  taught  in  every  such  school 
are:  English  language  and  literature,  at  least  one  language  other  than 
Enghsh,  geography,  history,  mathematics,  science,  and  drawing.  All 
"efficient"  schools  must  be  open  for  inspection  by  the  board  at  all 
times. 

While  the  "list"  has  a  positive  value  as  guaranteeing  that  the 
schools  uicluded  in  it  have  been  found  by  the  board  to  be  efficient, 
no  conclusions  should  be  drawn  from  the  absence  of  the  name  of  any 
particular  school.  There  are  many  schools  of  high,  indeed  of  the 
highest,  efficiency  which  have  not  applied  for  inspection,  and  which 
are  therefore  not  included  in  the  "list."  Such,  for  example,  are  the 
following  nine  "great  public  schools,"  known  throughout  the  world 
as  the  schools  patronized  by  rich  and  noble  fam-ilies,  and  all  founded 
well  over  300  years  ago:  Winchester  (founded  in  1384),  Eton  (1440), 
Westminster  (1560),  Rugby  (1567),  Harrow  (1571),  Charterhouse 
(1611),  Shrewsbury  (1551),  which  are  boarding  schools;  and  the  day 
schools,  St.  Paul's  School  (1509)  and  Merchant  Taylors'  School  (1561). 

The  authority  of  the  board  of  education  has  steadily  increased 
since  its  creation  in  1899.  This  authority,  however,  bears  no  resem- 
blance to  that  centralized  in  the  French  ministry  of  public  instruction. 

•  It  rests  upon  the  voluntary  assent  of  civic  or  institutional  authorities  desirous 
of  sharing  in  the  treasury  grants  or  of  promoting  unity  of  aim  and  economy  of 
resources  through  a  national  agency.  All  Government  measures  are  closely  scruti- 
nized by  local  authorities  intolerant  of  any  encroachments  upon  their  rights,  and 
are  subjects  of  keen  analysis  and  criticism  by  the  numerous  educational  associations 
for  which  England  is  noted.  Apart  from  their  mastery  of  professional  problems, 
these  associations  exercise  great  influence  either  by  their  political  affiliations,  or  by 
their  effective  organization  of  popular  opinion. 

The  educational  system,  like  the  national  life  of  England,  not  only  progresses  by 
compromise,  but  holds  to  what  is  enduring  by  a  marvelous  system  of  checks  and 
counter  checks.' 

This  must  suffice  to  indicate  general  relations  between  the  board 
of  education  and  secondary  schools.  A  wide  range  of  designation 
is  used  for  these  schools — for  example,  Liverpool  Institute,  Eton 
College,  and  Callington  County  School — and  their  organization  differs 
greatly. 

In  the  schools  with  simpler  organization  there  is  usually  a  six-year 
course.  Corresponding  to  these  years  are  "Forms"  numbered  I,  II, 
III,  IV,  V,  and  VI,  but  in  this  there  is  great  variation  of  usage. 
I  and  II  are  in  the  "Junior  department;"  III-VI  in  the  "Senior 
department.  In  large  schools  where  there  is  more  than  one  class  in 
the  same  subject  the  better  pupils  are  often  put  in  one  class  and  the 
less  advanced  in  another.  Furthermore,  there  is  sometimes  bifur- 
cation through  election  on  the  part  of  students  of  the  "  classical  side, " 
with  Latin  and  Greek;  as  opposed  to  the  "modern  side,"  with  French 

I  Anna  T.  Smith,  in  Monroe's  Cyclopedia  of  Education,  vol.  2, 1911. 
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and  Germjin.  Occasionally  one  finds  the  "science  siilo"  and  U 
"Woolwich  sido"  (as  at  Harrow)  with  oniphasis  on  mathematics  and 
natural  science.  But  no  sinjjjh^  scheme  can  1)0  indicated  whicli  would 
give  an  approximately  definite  idea  of  any  lar»;e  j^roup  of  scliools. 
Some  particuhu^s  may,  however,  be  <::ivt>n  of  two  "ellicient"  schools: 
(1)  The  Liverpool  Institute,  with  an  annual  attenthince  of  about  500 
boys,  and  (2)  the  Bradford  Grammar  School;  and  of  a  certain  ideal 
school. 

At  the  Institute  the  forms  maybe  arranged  in  schematic  array  as 
follows : 


IIa 

• 

/ 

\ 

\ 

VI. 

Ia 

Classical 

1 

1 

/^ 

K. 

VI. 

' 

/ 

III 

— > 

IV 

— > 

V 

/ 

IIb 

-* 

/ 

\ 

Ib 

— 

-^ 

\ 

Ri, 

-- > 

VI. 

Modern  aide 

lie 

Ju 
depa 

ni 
rln 

or 
net 

It. 

St'U 

liur  doj 

)artmGi 

ji. 

Wo  find  hero  after  V  a  "Remove"  form  (R),  often  called  "Shell." 
Since  Ia  and  \  are  the  same,  the  better  pupils  can  be  put  in  one 
group  and  the  less  advanced  in  the  other.  The  subjects  studied  and 
the  distribution  of  hours  is  displayed  in  the  annexed  table: 


Subjects. 


8ci1j)riiro 

Latin 

Greek 

Ffpnch 

German 

Geography 

History 

LitHratiire 

Composition 

Grvmmar 

lirOiling 

Wriimi;  :ind  spelling. 

Maltieuiatics 

I'hyslcs 

Chemistry 

Dra'.ving 

Wortshop 

Slnrfng 

Drifl 


Hours  per  week. 


Junior  dopartment. 
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1$ 
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27 


li 
1. 

li 

r 
li 

3i 


Ti 


\ 

31 


li 
li 

I! 
1| 

3  J 
51 


li 
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IV 
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R. 


I 

3 
31 


li 

li 

'i 


27 


Rh 


Si 

li 
'i 
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6 
3 
3 
li 


27 


VI. 


% 

•li 
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21 
21 
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Vlh 
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li 
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27 


VI, 


31 

3 

1, 

I'l 
2 


61 

3 
3 


27 


■  Each  boy's  time  table  in  upper  sixth  is  made  up  to  27  hours  by  electives. 
101179°— IS \ 
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Norwood  and  Hope  planned  courses  in  ideal  schools  preparing  for 
business  life  and  for  entry  into  a  university.^  The  following  is  the 
scheme  of  work  for  the  latter: 

Ideal  school  scheme  of  work  leading  to  university  matriculation. 


Prepara- 
tory. 

Lower  course. 

Classical  special- 
ists. 

other  specialists. 

Subjects. 

Age  (about). 

Age  (about). 

Age  (about). 

Age  (about). 

10 

11 

12 

13 

14 

15 

16 

17 

18 

'   16 

17 

18 

Religion 

I  1 

1 

1 
3 
6 

1 
3 
C 

1 

2 

6 

2  0 

3 

2  6 

2 
2 
5 

/      3 
\ 

1 

■       2 
6 
6 
3 
6 
2 
2 
5 
3 

1 
3 

}u 

3 
""'3' 

1 
2 

20 

J 

3 

1 
2 

22 

2 
3 

1 
3 
/      3 
\   24 
/      3 
I   '4 

}  ^ 

1 
2 
3 
4 
3 
4 

3 
16 

1 

English 

6           6 

2 

Latin 

3 

Greek 

4 

French 

6 

6 

5 

5 

2 

German 

4 

History 

3 
2 

6 

3 
2 

6 

2 
2 

6 

}.3 

2 
2 

6 

3 

Geography 

3 

Mathematics 

5 
2 

0 

2 

Natural  science 

17 

Botany  and  zoology 

3 
1 
2 
2 

3 

1 
2 
2 



Writing 

Drawing 

2 
2 

2 
2 

2 

2 

1 

Workshop 

Class  hours  per  week. 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

1  Sunday  service  is  also  to  lie  attended. 

'  Either  Greek  or  German  is  selected. 

'  In  the  upper  classes  German  rather  than  French  is  usually  elected. 

*  These  hours  may  be  divided  at  will  between  these  subjects. 

The  other ' '  efficient "  school,  namely,  the  Bradford  Grammar  School, 
with  about  200  pupils,  has  a  somewhat  different  organization,  and  its 
course  in  mathematics  is  among  the  best  in  England.  We  have  here 
a  "classical  side"  and  a  "modern  side."  In  the  former  the  course 
lasts  nine  years,  in  the  latter  eight.  "  V  "  is  for  the  seventh  year  ' "'  clas- 
sical" and  sixth  year  "modern";    "Remove  classical"  or  "Matricu- 

i  While  some  schools  are  especially  well  equipped  to  prepare  pupils  for  university  matriculation,  it  should 
be  noted  that  such  preparation  is  not  nov/  unusual  in  any  secondary  school,  even  though  there  be  only  an 
occasional  pupil  to  be  so  prepared.  But  under  new  regulations  of  the  bill  not  yet  an  act  an  attempt 
is  to  be  made  to  constitute  special  departments  in  the  best  schools  of  a  district,  to  which  promising  boys 
will  be  transferied  from  their  own  schools.  In  connection  with  its  discussion  of  the  relations  of  the 
secondary  school  to  the  university,  the  board  of  education  laid  down  the  following  principles,  among 
others,  in  1913: 

"  The  specialization  proper  to  the  upper  part  of  a  secondary  school  is  to  be  distinguished  from  the  special- 
ization which  is  natural  and  proper  to  a  university,  and  it  is  the  duty  of  the  board  to  secure  that  the  higher 
work  done  in  schools,  while  constituting  a  proper  preparation  for  university  work,  does  not  anticipate  it 
either  in  the  methods  of  study  or  in  the  nature  of  the  curriculum. 

"  Candidates  for  degrees  in  mathematics  or  science  will  from  the  time  they  enter  the  university  generally 
devote  the  whole  of  their  time  to  the  study  of  mathematics  or  of  one  or  more  branches  of  science.  While 
at  school  their  work  is  not  (as  too  often  happens)  limited  in  any  way.  Those  who  propose  to  study  natural 
science  should  continue -to  give  an  adequate  amount  of  time  to  the  study  of  mathematics,  and  those  who 
wish  to  be  mathematicians  should,  similarly,  continue  to  do  work  (including  practical  work  in  the  lab- 
oratory) at  some  branch  or  branches  of  natural  science.  The  board  also  consider  that  those  who  will  after- 
wards be  entirely  occupied  with  mathematical  and  scientific  work  should,  so  long  as  they  are  at  school, 
continue  to  give  a  substantial  amount  of  time  to  literary  work.  A  thorough  proficiency  in  the  use  of  the 
English  language  and  a  good  acquaintance  with  other  languages  will  be  in  later  years  of  greater  value  to 
them  than  the  small  amount  of  additional  specialized  knowledge  which,  by  neglecting  those  subjects,  they 
might  acquire  at  school.  It  is,  moreover,  of  great  importance  that  by  the  continued  study  of  selected 
masterpieces  (whether  humanistic  or  scientific  in  content)  they  should  train  their  minds  to  deal  with  the 
more  general  aspects  of  human  thought." 
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latioTi"  for  ei^litli  j-otir  "classical";  "Matriculation"  or  "Remove 
scionco  aTul  mathematics"  for  sovonth  yoar  "modoni";  Sixth  clas- 
sical for  ninth  yoar  "classical"  and  '\Sixth  scicnct^"  or  "Sixth  mathe- 
matical" for  oii^hth  yt^ar  "modern."  The  following  is  a  synopsis  of 
mathematical  work. 

Preparatory — Arithmetic:  Elements. 
I — Arithmetic:  Use  of  decimal  numbers  and  fractions;   factoring;   highest  common 
factor  and  least  common  multiple;  use  of  brackets. 
Algebra:  Intrcriuction  to  algebraic  symbolism. 

Geometry:  Fundamental  concepts  of  geometry,  such  aa  line,  point,  direction, 
area,  triangloj.  solids.     Intuitive  and  practical  introtluction. 
II — Arithmetic:  Repeating  numbers;  coins,  weights,  and  measures;  profit  and  loss; 
simple  interest. 
Algebra:  Very  simple  equations  to  fix  the  idea  of  algebraic  symbolism. 
Geometry:  Construction  and  mensuration  of  bodies;   simple  division  of  bodies. 
Ill — Arithmetic:  Ordinary'  and  decimal  fractions:    rule  of  three;   square  root;    per- 
centages. 
Algebra:  The  four  fundamental  operations  with  applications;   equations  of  the 

first  degree;  graphs. 
Geometry-:  Angle,  triangle,  parallels;    the  simple  bodies;    exact  drawing  and 
measuring;  simple  exercises. 
IV — Arithmetic:  Harder  problems  in  fractions;    change  of  ordinary  fractions  into 
decimal  numbers  and  conversely;    abbreviated  calculations  with  decimal 
numbers,  and  simple  interest  calculation;  rebates  and  discount;    logarithms. 
Algebra:  Breaking  up  of  sums  into  factors;  simple  quadratic  equations. 
Geometry:  Through  propositions  on  the  circle  (about  equivalent  to  Books  1-3 

of  Euclid's  Elements). 
Trigonometry:  To  the  solution  of  right-angled  triangles. 
V — Arithmetic:  Bank,  rebate,  and  discount  calculation;  stocks  and  shares;  interest 
and  annuities. 
Algebra:  Quadratic  equations  and  problems;     theory  of  indices;     logarithms; 

series;  permutations  and  combinations. 
Geometry:  To  similar  figures  (Euclid's  Elements  T-V). 

Trigonometry:  Logarithms;    measurement  of  ii  calculation  of  heights  and 

distances;  solution  of  triangles. 
Matriculation — Arithmetic:  General  review. 

Algebra:  Quadratic  equations;    arithmetic  and  geometric  series;    calculation  of 

roots;  proportion. 
Geometry:  Through  theory  of  similitude  (Euclid's  Elements,  I-VI). 
Elementary  mechanics  and  hydrostatics. 
Remove  science  anS  mathematia . 

Algebra:  Theory  of  indices;  logarithms;  equations;  series;  graphs. 
Geometrj':  Through  theory  of  similitude. 
Trigonometry:  Solution  of  triangles;  goniometry. 
Mechanics  and  hydrostatics. 
Remove  classical. 

Algebra:  Fractions;    highest  common  factor;    least  common  multiple;    square 
root;    equations  of  first  and  second  degree;    logarithms;    proportion;    series; 
graphs. 
Geometry:  Through  theory  of  similitude.' 

'  With  regard  to  solid  geomctrj'  In  English  secondary  school  programs,  reference  may  be  given  to  a 
report  in  the  Mathematical  Gazette,  January,  1914,  vol.  7,  p.  232. 
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Sixth  mathematics. 

Theory  of  equations;     plane  trigonometry;    statics;    dynamics;    hydrostatics; 
synthetic  and  analytic  geometry;  modern  geometry;   differential  and  integral 
calculus.^ 
Sixth  science. 

Trigonometry;  statics;  dynamics;  synthetic  and  analytic  geometry;  differential 
and  integral  calculus.' 

But  while  such  extensive  mathematical  courses  as  these  may  be 
found  in  secondary  schools,  there  are  many  schools  where  the-  math- 
ematics includes  only  arithmetic,  algebra  to  "progressions,"  and 
geometry  equivalent  to  Books  I-IV  of  Euclid's  Elements.  In  some 
schools,  also,  neither  the  algebra  nor  the  geometry  is  even  so  ex- 
tensive as  this.  In  other  schools  permutations  and  the  binomial 
theorem  for  a  positive  integral  index  and  the  equivalent  of  Book  VI 
of  Euclid's  Elements  (proportion  and  simihtude)  are  added;  but  the 
last  subject, 

interesting  and  important  as  it  is,  is  too  often  wholly  omitted  because  it  is  not  in- 
cluded in  the  syllabus  for  the  London  matriculation  examination,  and  therefore  is 
actually  discouraged  in  those  schools  (still  too  numerous)  where  it  is  regarded  as  dan- 
gerous to  go  a  hair's  breadth  beyond  the  examination  syllabus.  It  is  similarly  dis- 
couraged in  those  schools  which  use  the  examination  of  the  Oxford  and  Cambridge 
joint  board. ^ 

The  programs  of  studies  in  secondary  schools  are  largely  deter- 
mined by  the  miiversities.  This  occurs  through  the  influence  not 
only  of  matriculation  examinations,  but  also  of  such  examinations 
as  those  of  "joint  boards,"  of  the  "Oxford  local  examinations,"  and 
of  the  "Cambridge  local  examinations."  ^  These  latter  (local)  exami- 
nations are  of  three  main  types : 

1.  Preliminary  (for  pupils  12-14  years  of  age); 

2.  Jmiior  or  lower  (for  pupils  14-16  years  of  age); 

3.  Senior  or  school  or  leaving  examinations  (for  pupils  16-19 
years  of  age). 

This  scheme  of  examinations  was  established  well  over  half  a 
century  ago,  but  not  many  years  had  passed  before  a  standard 
examination  correspondmg  to  university  matriculation  was  de- 
manded, and  to  meet  this  demand  the  Oxford  and  Cambridge  joint 
board  was  called  into  existence. 

1  For  an  interesting  report  by  C.  Godfrey  on  Calculus  in  the  Public  and  Secondary  Schools  of  England, 
see  Mathematical  Gazette,  January,  1914,  vol.  7,  pp.  233-240. 

'  That  is,  th^  board  of  examiners  for  matriculation  into  Oxford  and  Cambridge  Universities.  A  simMar 
board  is  organized  for  the  Universities  of  Leeds  and  Sheflield,  Victoria  University,  and  the  University 
of  Liverpool.  The  mathematical  requirements  here  are  (the  University  of  Leeds  calendar  1913-14, 
pp.  lM-1551:  "Arithmetic.  The  elementary  geometry  of  triangles,  parallelograms,  and  circles,  and  of 
similar  rectilinear  figures.  Algebra,  including  quadratic  equations,  with  the  arithmetical  and  geometrical 
progressions  and  an  elementary  treatment  of  irrational  quantities  and  of  proportion." 

3  These  examinations  under  the  direction  of  Oxford  and  Cambridge  Universities  are  referred  to  as  "  local " 
because  they  take  place  at  the  schools,  or  other  convenient  centers,  and  not  at  the  universities. 


ENGLAND.  51 

Tliis  board  conducts  examinations  for  three  certificates: 

1.  Lower  certificate. 

2.  School  certificate, 

and  a  third  certificate  to  be  referred  to  later. 

Corresponding  to  the  matriculation  examinations  of  tlie  Uni- 
versity of  Ix)ndon'  are  the  "re^ponsions"  at  Oxford  and  the  "pre- 
vious examination  "  or  "little  go "  of  Cambridge  University.  Broadly 
speaking  these  examinations,  the  Oxford  senior  local,  tlio  Cam- 
bridge senior  local,  and  the  Oxford  and  Cambridge  school  certificate 
have  the  same  value.  Some  characteristics  of  the  mathematical 
parts  of  these  types  of  examinations  may  be  noted  by  studying  the 
papers  given  in  Appendix  A.  Into  these  characteristics  I  sliall  not 
go  further  tlian  to  remark  that  all  examinations  are  written,  and  suc- 
cessful candidates  are  rated  as  "pass"  or  "honor"  (first  or  second). 

Sometimes  to  attain  "honor,"  questions  on  "additional  math- 
ematics" and  of  a  more  difl^cult  nature  must  be  answered. 

But  there  are  yet  other  examinations  for  wliich  many  secondary 
schools  prepare  pupils.  The^e  are  for  the  entrance  scholarship  ex- 
aminations in  various  miiversities  of  the  country. 

The  entrance  scholarship  examinations  at  the  Oxford  and  Cambridge  colleges  are 
conducted  on  practically  identical  systems  and  differ  but  slightly  in  detail.  At  a 
rough  estimate,  the  Cambridge  colleges  award  50  or  more  scholarships,  exhibitions, 
and  eizarships  every  year  for  proficiency  in  mathematics.  Their  value  varies  from 
£30  to  £80  per  annum.  The  Oxford  colleges  annually  award  for  mathematics  about 
20  scholarships  of  £80  and  10  exhibitions  of  from  £30  to  £G0.  Most  of  these  are  ten- 
able for  two  years,  but  they  are  renewed  for  one,  two,  or  three  more  years,  subject  to 
satisfactory  progress  being  made.  The  age  limit  at  the  time  of  examination  is  19. 
The  subjects  of  examination  in  both  universities  are:  Analytic  and  s\-nthetic  geom- 
etry, algebra,  trigonometry,  differential  and  integral  calculus,  and  mechanics. 

Papers  sot  at  Cambridge  in  1910  are  given  in  Appendix  B  of  this 
bulletin. 

The  preparation  for  the  entrance  scholarship  examinations  is 
similar  to  that  for  the  "higher"  examinations,  the  passmg  of  which 
confers  certain  rights  in  university  and  college.  Among  such  ex- 
aminations are  the  Oxford  liigher  local,  the  Cambridge  higher 
local,  and  that  for  the  higher  certificate  of  the  Oxford  and  Cam- 
bridge schools  examination  board.' 

■  Examination  pajiers  for  1916  are  to  be  found  in  Appendix  A.  The  foUovring  works  may  l>c  consulted 
in  this  Connection: 

1.  Matrieiilanon  mathematiCM  papnt.  Being  the  papers  in  elementary  mathematics  set  at  the  matricu- 
lation examinations  of  the  University  of  Ix)ndon  for  June,  190S,  to  June,  1915.  with  full  solutions  to  the 
papers  of  June,  1915.    (University  Tutorial  Series.)    London.  Clive,  1915.     136  pp. 

2.  ilatriculaJion  model  ansueri:  mathrmaiica.  Being  the  Ixindon  University  matriculation  papers  in 
mathematics  from  January,  1913,  to  June,  1915.  (University  Tutorial  Series.)  London,  Clive,  1915. 
140  pp. 

3.  Matriculation  mechanic*  papert.  Being  the  Ix)ndon  University  matriculation  papers  from  Septem- 
ber, 1903,  to  June,  1915,  with  model  solutions  to  the  last  paper  and  additional  questions.  Ixindon,  Clive, 
1915.    130  pp. 

<  Papers  set  at  these  different  examinations  in  1900  and  1910  are  given  in  Special  Report*  on  Educational 
Subjects,  Board  of  Education,  London,  vol.  20,  pp.  iTi-AS&,  500-61S. 
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In  the  preceding  pages  some  of  the  noteworthy  features  of  the  re- 
lation of  secondary  schools  to  the  general  educational  scheme  have 
been  described,  their  wide  divergence  in  ideal  and  in  work  has  been 
illustrated,  and  the  nature  of  mathematical  courses  taught  has 
been  indicated.  The  prominent  r61e  played  in  the  school  organiza- 
tion by  preparation  for  examinations  by  various  boards  of  examiners 
suggests  the  thought  that  much  of  the  energy  of  the  teachers  and 
pupils  must  be  mifortunately  diverted  to  attacking  certain  types  of 
problems  and  examinations,  rather  than  to  developing  a  mastery  of 
the  subject  in  question.  But  this  evil  has  been  recognized  and  is 
being  dealt  with.^ 

Having  now  observed  what  mathematics  is  taught  in  secondary 
schools,  we  must  next  consider  one  of  the  main  features  of  the  prep- 
aration of  the  teacher  for  his  work,  namely,  his  course  in  one  of  the 

universities. 

UNIVERSITIES. 

The  universities  of  England  are  situated  at  Birmingham,  Bristol, 
Cambridge,  Durham,  Leeds,  Liverpool,  London,  Manchester,  Oxford, 
and  ShefReld;  there  are  also  university  colleges  at  Newcastle,  Notting- 
ham, Readmg,  and  Southampton.  All  of  these  institutions,  with 
the  exception  of  those  at  Oxford,  Cambridge,  and  Durham,  receive 
Government  grants.  The  annual  attendance  of  day  students  is  about 
12,000,  of  students  at  evening  classes  about  8,000.  In  addition  to 
these  there  are  at  Oxford  in  the  vicinity  of  3,400  students,  at  Cam- 
bridge 3,700. 

The  organization  of  such  universities  as  those  at  Birmingham  and 
Leeds  especially  reminds  one  of  that  at  the  better  American  universities. 
The  University  of  London,  long  merely  an  examining  and  degree- 
conferring  institution,  was  reconstituted  by  statutes  of  1900  as  a 
teaching  university  and  a  federation  of  26  colleges  and  schools  giving 
instruction  in  arts,  law,  medicine,  theology,  science,  engineering,  eco- 
nomics, and  music.  Sons  of  noble  and  wealthy  families  who  seek  a 
university  education  usually  go  to  either  Oxford  or  Cambridge.  Here 
one  finds  many  of  the  most  brilliant  students  of  the  country,  those 
who  have  won  in  competition  one  of  the  numerous  entrance  scholar- 
ships. It  is  especially  among  graduates  of  these  universities — -homes  of 
culture  and  all  that  is  fuiest  in  English  life — that  teachers  for  second- 
ary schools  are  sought.  As  Cambridge  is  preeminent  in  mathematics 
in  England,  teachers  of  this  subject  are  much  in  demand  among 
"honors"  men  there. 

For  definiteness,  therefore,  I  sliall  confine  my  brief  comment  to 
the  Universities  of  Oxford,  Cambridge,  and  London, 

It  is  well  known  that  Oxford  has  21  colleges,  each  with  its  own 
teaching  staff  of  tutors  and  lecturers;  that  each  student  is  assigned 

>  Compare  Mr.  Jolifle's  paper,  especially  pp.  270-271. 
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to  one  of  these  collegi>s  and  has  a  tutor  to  whom  he  looks  for  guid- 
ance, advice,  and  inspiration  in  preparinj^  for  the  various  examinations 
of  his  university  career;  and  that  this  preparation  demands  a  hi^jli 
standard  of  schohirship.  Great  stri-ss  is  hiid  on  ease  and  faciht\M)f 
expression,  on  the  ability  to  form  independent  judgments,  on  origi- 
nality. Xo  one  can  get  " first'"  in  the  class  lists  on  mero  hard  work 
and  •grinding,"  or  by  a  display  of  erudition  and  an  imposing  array 
of  facts.  The  strain  of  the  examinations,  e.specially  in  the  final 
honors  school,  is  very  severe.  At  Cam]>ridge  the  scheme  is  very 
similar. 

In  all  three  universities  the  courses  lead  normally  to  a  '^ pass- 
degree"  or  an  "honors-degree,"  as  bachelor  of  arts;  the  pass  B.  A. 
is  attained  three  years  after  matriculation.  The  principal  examina- 
tions may  be  exhibited  in  the  following  table: 

University  examination*. 


Examinatioiu. 


EDtrunop 

Intermediate . 

Pass  B.  A 


Oxford. 


Responsions 

Pass  moderations  (pass  mods.) 

Jafter  3  terms]. 
Fmal    pass    school    (groups) 

(after  3  years]. 


Camlsridge. 


Previous  (little-go). . . 


Tripos  Part  I  [after  3 
years]. 


London. 


Matriculation  (m.ntric). 
1'a.ss  inicrmcdiate  or  Pass  pre- 
liminary arts  [after  I  vear] 
Pass  final  [after  3  years]. 


Examinations  for  the  honors  B.  A. 


Examinations. 


Entrance 

Intermediate. 


Honors  B.  A. 


Oxford. 


Hcsponsions 

Honor    moderations    (honor 
mods. )  (after  5  terms]. 

Final   honor  school   (after  4 
years]. 


Cambridge. 


Previous  (little-go)... 
Tripos  Part  I  [after  3 
years]. 

Tripos  Part  II  [after  4 
years]. 


London. 


Matriculation  (matric). 
Honors  intermediate  or  Honors 

preliminary     arts     [after     3 

years]. 
Honors  final  [after  3  years]. 


Let  us  suppose  that  our  student  wishes  to  pursue  mathematical 
studies  in  the  honor  school  at  Oxford.     He  will  be  allowed  to  specialize 
almost  to  his  heart's  content.     According  to  the  regulations  of  1913 
the  following  is  the  examination  program  for  the  final  honor  school 
of  mathematics,  which  is  one  of  nine  schools. 

Algebra,  includinn  tho  elements  of  the  alKehra  of  quantirs;  theory  of  equations; 
trigononu-try,  plain-  and  .spherical,  infinite  sfrie.s  and  infinite  products. 

Geometry,  pure  and  analytic,  of  two  and  three  dimensions. 

Differential  and  intej^ral  calculus:  differential  equations. 

The  elements  of  the  theory  of  funrtion.s  of  a  complex  variable,  with  applications 
to  the  elementary  functions  and  to  elliptic  functions. 

The  elements  of  the  calculus  of  finite  differences. 

The  elements  of  the  cafculus  of  variations. 

Statics  and  dynamics  of  particles,  rigid  bodies,  and  strings;  the  elemonty  of  analytical 
dynamics;  statics  of  rods  slightly  bent.  Uydruetatics,  the  elemeutti  of  hydrodynamics- 
waves  on  liquids.  ' 

Attractions;  theory  of  potential. 
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Electrostatics;  magnetostatics;  steady  electric  currents  (flow  in  linear  circuits, 
laminae,  and  solid  bodies). 

Electromagnetism  (magnetic  force  due  to  currents,  induction);  electrodynamics 
(mechanical  effects  of  currents);  dielectric  currents  (propagation  of  plane  waves  in  a 
homogeneous  dielectric). 

Vibrations  of  strings;  propagation  of  sound;  vibrations  of  air  in  pipes. 

The  elements  of  geometrical  optics. 

Spherical  astronomy.  .  . 

Half  of  the  10  examinations  in  this  program  are  in  pure  and  half 
in  applied  mathematics.  They  occupy  about  30  hours,  on  6  consecu- 
tive days. 

Oxford  concedes  that  the  most  talented  of  English  mathematical 
students  usually  go  to  Cambridge.  It  is  not  surprising,  therefore, 
that  the  program  for  the  tripos  examination  is  much  more  elaborate  ^ 
than  even  that  for  honors  at  Oxford.  On  the  other  hand,  the  mathe- 
matical opportunities  for  the  specialist  in  the  University  of  London 
are  not  as  numerous  as  those  at  Oxford.^ 

But  while  it  is  possible  that  a  graduate  of  one  of  these  universities 
may  have  received  a  very  broad  training  in  mathematics,  it  is  also 
true  that  he  may,  at  the  end  of  his  course,  know  no  more  mathe- 
matics than  are  required  for  respoixsions,  namely:  Arithmetic,  and 
either  Euclid's  Elements,  Books  I-II,  or  algebra. 

TEACHERS  IN  SECONDARY  SCHOOLS. 

The  organized  training  of  teachers  for  English  secondary  schools 
is  in  its  infancy  and  extends  at  most  to.  a  postgraduate  year  in  a 
university.  For  nearly  a  decade  the  board  of  education  has  given 
financial  assistance  to  institutions  training  secondary  school  teachers, 
but  while  this  feature  is  being  increasingly  emphasized,  it  is  never- 
theless true  that  less  than  40  per  cent  of  the  total  number  of  secondary 
teachers  (of  boys  and  girls)  have  had  some  training,  and  that  not 
more  than  15  per  cent  have  been  trained  for  the  specific  work  in 
which  they  are  now  engaged. 

According  to  regulations  which  went  into  force  in  1913,  students 
may  be  trained  as  teachers  in  secondary  schools  in  (1)  training  col- 
leges, (2)  certain  secondary  schools. 

In  order  to  be  recognized  as  a  training  coUege  under  these  regula- 
tions— 

an  institution  must  be  an  institution  or  a  department  of  an  institution  organized 
for  the  purpose  of  giving  instruction  in  the  principles  and  practice  of  teaching  specially 
designed  for  persons  who  are  preparing  to  become  teachers  in  secondary  schools  as 
defined  in  the  regulations. 

'  Tliis  program  is  given  on  pages  194-95  of  Special  Reports  on  Educational  Subjects,  Board  of  Educa- 
tion, London,  vol.  27.  The  examination  papers  for  Parts  I  and  II  of  the  mathematical  tripos  are  pub- 
lished annually  in  pamphlet  form  by  the  Cambridge  University  Press. 

'  Cf.  H.  Bateman,  "The  Work  of  an  English  Mathematical  Student,"  Mathematics  Teacher,  vol.  5, 
1913,  pp.  147-1?3, 
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2.  The  training  collect'  cour.-'o  must  be  confined  to  puroly  profossional  instruction. 

4.  (a)  Adequate  provision  must  be  made,  in  secondary  scliools  aj)provetl  by  the 
bosu"d  for  this  purpose,  for  the  inatruction  and  practice  of  students  in  teaching  and  in 
echool  organization  and  management. 

(6)  If  the  training  college  is  a  department  of  a  secnn.lary  school,  this  condition 
may  be  satisfied,  providtnl  that  the  student  has  ample  practical  experience  during  the 
year  of  training  in  the  school  of  which  the  college  is  a  part. 

6.  The  course  must  extend  over  not  less  than  a  full  academic  year. 

7.  At  least  60  school  days  must  be  spent  in  contact  with  clas.s  work  under  proper 
supervision  in  schools  approved  for  this  purpose  by  the  board.  Not  less  than  two- 
thirds  of  the  teaching  practice  must  be  taken  in  a  secondary  school  or  schools. 

Training  of  teachers  in  secondary  schools  may  bo  carried  on  under 
the  following  conditions: 

21.  (a)  The  school  must  be  on  the  list  of  secondary  schools  recognized  as  efficient 
by  the  board . 

(6)  Any  person  proposed  for  recognition  as  a  teacher  in  training  must  be  not  less  than 
21  years  of  age  and  must  have  obtained  an  approved  degree  conferred  by  some  uni- 
versity of  the  United  Kingdom  or  some  other  university  of  recognized  standing.  In 
the  case  of  a  woman  who  is  not  eligible  to  receive  a  degree,  a  certificate  showing  that 
she  has  fulfilled  all  the  conditions  which  entitle  a  man  to  obtain  an  approved  degree 
will  be  accepted  for  the  purpose  of  this  article. 

(c)  The  course  followed  by  a  teacher  in  training  must  provide  for  a  systematic 
course  of  study  both  in  the  practice  and  in  the  principles  of  teaching  in  accordance 
with  a  scheme  approved  by  the  board.  The  scheme  must  provide  in  each  ca.se  for 
a  special  study  of  the  methods  of  teaching  a  particular  subject  or  group  of  allied 
subjects. 

(d)  The  course  must  extend  over  not  lees  than  a  full  school  year.  The  whole  year 
must  ordinarily  be  spent  in  the  school  to  which  the  teacher  in  training  is  admitted, 
but  arrangementa  may,  in  certain  cases,  be  made  for  the  absence  of  the  teacher  from 
the  school  for  part  of  the  year  for  the  purpose  of  attending  a  course  of  instruction  in 
the  principles  of  teaching  at  a  university. 

(e)  A  school  will  only  be  approved  for  the  purpose  of  this  chapter  if  the  head  master 
or  head  mistress  or  some  other  senior  member  of  the  staff  is  specially  qualified  and 
has  the  necessary  interest  and  leisure  to  supervise  the  teacher's  training. 

22.  When  a  teaclier  in  training  has  been  trained  for  a  year  in  an  approved  school 
under  conditions  which  the  board  can  regard  aa  satisfactory,  the  board  will  indorse  a 
certificate  given  by  the  head  master  or  head  mistress  of  the  school  stating  that  the 
teacher  has  completed  the  period  of  training  in  a  satisfactory  manner. 

The  regulations  give  also  a  "List  of  (lualifications  other  than 
degrees  which  will  be  accepted  as  qualifying  students  for  admission 
to  training  colleges."     Tl\ese  are: 

I.  A  tripos  certificate  granted  by  the  University  of  Cambridge  to  women,  provided 
that  the  examination  taken  was  one  which,  if  pa.«scd  by  a  man  after  three  years' 
residence,  would  entitle  him  to  a  degree  without  further  examination.  Women 
students  who  have  been  allowed  the  ordinary  degree  in  a  tripos  examination  will  be 
regarded  a?  possessing  the  necessary  qualification. 

II.  A  diploma  or  certificate  showing  to  the  satisfaction  of  the  board  that  the  appli- 
cant, if  a  woman,  has  fulfilled  all  the  conditions  which,  if  the  University  of  Oxford 
granted  degrees  to  women,  would  entitle  her  to  a  degree  in  that  university;  so  that 
she  has  obtained  honors  in  the  second  public  examination  or  has  passed  the  first  and 
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second  public  examination '  at  that  university  or  such  examinations  as  are  accepted 

by  the  university  as  equivalent  thereto. 
III.  A  special  honors  certificate  of  the  higher  local  examinations  (Oxford  and 

Cambridge)  granted  under  the  following  conditions: 
(a)  That  the  certificate  includes  at  least  a  pass  in  two  languages  (other  than  English) 

and  a  pa.ss  either  in  mathematics  or  in  logic;  and 
(6)  That  the  holder  either  (i)  has  passed  in  four  groups  or  sections,  obtaining  a 
first  or  a  second  class  in  at  least  two  of  them;  or  (ii)  has  passed  in  three  groups 
of  sections,  obtaining  a  first  or  a  second  class  in  at  least  two  of  them,  and 
holds  in  addition  (1)  an  Oxford  or  a  Cambridge  senior  local  certificate  in 
honors,  including  at  least  one  subject  not  included  in  the  three  higher  local 
groups  or  sections,  or  (2)  a  higher  certificate  of  the  Oxford  and  Cambridge 
schools  examination  board,  gained  in  one  year,  exclusive  of  drawing  and 
music,  and  including  at  least  one  subject  not  included  in  the  tluee  higher 
local  groups  or  sections. 

Among  the  institutions  recognized  as  efficient  under  regulations 
of  the  board  of  education  for  the  training  of  teachers  for  secondary 
schools  are:  (1)  Departments  controlled  by,  or  forming  part  of,  a 
university  or  university  college;  (2)  traming  colleges  provided  by 
other  bodies.  Departments  of  the  first  type  are  to  be  found  at 
Birmingham  University,  Durham  University — Armstrong  College, 
Leeds  University,  Liverpool  LTniversity,  London  L^niversity,  Victoria 
LTniversity,  Oxford  University  delegacy  for  the  trainmg  of  secondary 
teachers,  and  Reading  University  College.  An  example  of  a  training 
college  of  the  second  type  is  the  Clapham  High  School,  in  London. 

To  illustrate  the  methods  of  operation,  some  details  follow  with 
regard  to  organization  in  units  of  each  of  these  types.  For  the  most 
part  the  statements  have  been  made  by  the  institutions  in  question^ 

(a)  University  of  Liverpool. — It  is  little  more  than  a  decade  ago 
that  a  diploma  in  education  for  graduates,  along  the  present  Imes, 
was  estabhshed.  The  courses  of  study  qualifymg  for  the  diploma, 
were  placed  under  the  control  of  a  special  board,  in  organic  relation 
to  the  faculties  of  arts  and  science,  and  including  persons  representing 
secondary  education  in  the  city. 

Candidates  for  the  diploma  must  be  graduates  of  some  university 
in  the  United  Kingdom,  or  have  obtained  such  other  academic 
qualifications  as  shall  be  approved  by  the  senate  of  the  university. 
Before  admission  to  the  examination  candidates  present  certificates 
of  (1)  having  fulfilled  the  conditions  as  to  practical  teaching,  and 
(2)  having  attended  for  at  least  one  session-  subsequent  to  their  final 
examination  for  a  degree  a  course  of  study  apj^roved  by  the  diploma 
board. 

The  diploma  examination  consists  of  two  parts,  theory  and  prac- 
tice. Candidates  are  required  to  pass  written  examinations  in  the 
following  subjects: 

I  First  public  examination— moderations  after  3  semesters;  second  public  examination — examination 
lor  the  degree. 
» One  session  consists  of  3  terms  of  about  10  weeks  each. 
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1.  Lo^ic,  ethics,  and  psychology,  including  psychophysrology,  in 

their  a{)plication  to  education. 

2.  Principles  of  education,  with  special  reference  to  methods  of 

teaching  the  usual  suhjects  of  the  secondary  school  curriculum ; 
principles  of  general  physiology  and  school  hygiene. 

3.  A  prescribed  period  of  the  history  of  educational  theory  and 

practice. 

In  respect  to  practice,  ctuitiidates  are  judged  (1)  upon  reports  by 
the  professor  of  education,  and  (2)  upon  written  rex-.ords  of  tlieir  work 
in  school  and  upon  their  teaching  before  the  examiners.  Candidates 
are  required  to  attend  at  approved  practicmg  schools  for  a  period  of 
at  least  250  hours.  They  are,  as  a  nile,  attached  to  one  school 
throughout  the  session,  and,  so  far  as  possible,  they  undertake  work 
such  as  would  bo  allotted  to  a  member  of  the  staff.  They  also  attend 
lessons  given  by  members  of  the  school  staff  and  study  the  methods 
of  teaching  the  special  subjects  in  which  tliey  are  interested.  The 
general  supervision  of  their  work  is  in  the  hands  of  the  university 
staff,  but  each  student  is  also  under  the  direction  of  one  teacher,  who 
reports  on  his  progress.  The  students  are  required  to  keep  a  record 
of  teaching  observed  and  of  courses  of  lessons  given,  to  be  submitted 
to  the  examiners. 

The  fee  for  the  complete  course  is  £10  and  the  examination  fee 
is  £2  additional. 

(6)  Clapham  High,  School. — The  department  for  the  training  of 
teachers  for  secondary  schools  was  opened  in  1902.  Students  desiring 
to  enter  must  possess  a  degree,  or  equivalent  quaUfication,  or  hold  a 
higher  local  honor  certificate. 

Tliroughout  the  course  students  follow  lessons  given  in  the  school 
by  experienced  teachers.  They  themselves  also  teach,  under  super- 
vision, which  is  relaxed  as  they  gain  experience  and  power.  They 
learn  the  varioas  duties  of  a  form  teacher  by  being  sent  as  assistants 
in  a  form,  for  not  less  than  half  a  term  at  a  time.  Visits  are  paid  to 
other  schools  of  different  typcij,  and  students  give  criticized  lessons 
in  outside  schools.  Lessons  are  followed  by  general  discussion,  with 
the  specialist  in  charge  of  the  subject. 

The  course  covers  three  terms,  and  the  plan  of  study  includes 
instruction  in  the  theory  of  education,  based  on  psychology,  logic, 
etliics,  and  the  history  and  practice  of  education.  Instruction  is  also 
given  in  the  use  of  the  blackboard,  voice  production,  and  school 
hygiene. 

The  fee  for  the  course  is  £24. 

Such  organizations  give  promise  of  a  more  efficient  group  of  sec- 
ondary teachers  in  the  near  future.     Not  so  long  ago — 

of  the  9.126  full-time  teacher?  (men  and  women]  in  secondary  schools  which  received 
grants  from  the  board  of  education,  5,346  were  without  professional  training.     Of  this 
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group  of  untrained  teachers,  2,731  were  also  without  degrees  from  college  or  university. 
The  total  number  of  secondary  teachers  without  degrees  was  3,715. 

It  appears  that  very  few  secondary  teachers  appointed  in  the  last 
decade  have  not  had  the  equivalent  of  a  university  course  supple- 
mented by  practical  training.  But  even  so,  it  is  noteworthy  that  a 
university  graduate  may  be  engaged  to  teach  a  subject  about  which 
he  has  not  increased  his  knowledge  since  he  left  the  secondary  school. 
As  Mr.  Fletcher  comments:  It  is  "a  matter  of  grave  concern  that 
half  of  our  mathematical  teachers  of  boys  and  girls  have  had  no 
instruction  in  mathematics  beyond  what  they  have  had  at  school." 

If  we  consider  only  the  best  grade  of  secondary  schools  for  boys, 
the  scholastic  equipment  of  the  teachers  in  the  subjects  taught  rants 
high,  the  work  that  the  teachers  do  is  characterized  by  great  thor- 
oughness, and  their  personal  influence  is  such  as  to  inspire  the  finest 
ideals  of  manhood. 

I  have  been  unable  to  procure  any  comprehensive  statement  of 
salaries  paid  to  teachers  in  English  secondary  schools.  But  even  if 
such  a  statement  has  not  been  published,  enough  has  come  from 
authoritative  sources  to  demonstrate  the  wide  variation  in  salaries 
and,  in  most  instances,  their  great  inadequacy.  The  serious  effect 
of  this  condition  on  the  personnel  of  the  teaching  forces  is  now 
generally  recognized,  and  it  is  hoped  that  through  the  authority  of 
the  board  of  education  much  needed  reform  in  this  connection  may 
be  brought  about. 

In  August,  1900,  Dr.  W.  H.  D.  Rouse,  headmaster  of  the  Perse 
School,  pubhshed  some  striking  facts  which  would  seem  to  give  a 
true  presentment  of  general  conditions  at  the  time.^  He  found  that 
the  average  salary  of  assistant  masters  in  300  schools  mentioned 
in  the  returns  of  the  Charity  Commission  was  £135.22,  and  that  a 
similar  average  for  20  East  Anglian  schools  was  £103.6. 

In  11  smaller  schools  the  average  salary  is  £52,  and  these  data  combined  givg  a 
simi  just  below  £120  as  the  average  salary  of  the  assistant.  Residence,  i.  e.,  board 
and  lodging,  is  included  in  some  cases;  but  we  may  leave  this  out  of  account,  becaiise 
it  is  payment  for  extra  work  done  out  of  school.  The  Victorian  public  schools,  such 
as  Clifton,  Cheltenham,  and  Marlborough,  and  others  which  though  noted  in  the  past 
are  of  late  growth,  such  as  Tonbridge  and  Bedford,  are  not  included  in  the  above 
list,  which  is  meant  to  illustrate  the  usual  condition  of  country  grammar  schools.  If 
these  be  included,  the  average  will  be  slightly  raised.  At  Cheltenham  there  are  one 
or  two  posts  at  about  £300,  one  at  least  of  £100  only,  and  the  others  range  from  £200 
to  £250  as  a  rule.  Clifton  and  Marlborough  do  not  greatly  differ.  The  state  of  things 
in  Bedford  is  thus  described  by  one  who  knows:  "There  is  no  scheme  of  salaries  in 
either  of  the  two  big  schools.  Each  man  fights  for  what  he  can  get;  if  he  makes  a  good 
bargain  to  start  with,  well  for  him."  A  few  years  ago  the  average  salary  at  Bedford 
Grammar  School  was  £174,  but  many  form  masters  received  £150  or  less,  some  under 
£100,  all  these  being  nonresident.  At  Tonbridge  there  is  in  my  table  only  one  salary 
higher  than  £200.    There  is  usually  no  automatic  increase.     If  a  master  wishes  to 

>  "Salaries in  Secondary  Schools,"  Contemporary  Review,  vol.  78,  pp.  275-280. 
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marry  or  think?  his  inrrcapnd  oxperii'iice  inakt'.-<  Ins  sorviccs  more  valuablf,  he  may 
have  to  get  another  post  (if  he  can)  in  another  school.  As  to  the  smaller  kcIkioIs,  the 
account  of  the  career  of  a  Cambridge  B.  A.  of  my  acquaintance  may  be  of  interest. 
He  began  in  Andover  Grammar  School  at  £15,  resident,  and  after  several  moves  from 
one  private  school  to  another,  where  the  pittance  vds  somewhat  increased,  he  attained, 
after  nine  years'  experience,  to  the  magnificent  stipend  of  £140,  nonresident,  in  the 
grammar  school  of  a  countrj'  town  which  for  his  sake  I  forbear  to  mention.  A  London 
B.  A.,  whose  life  ston.-  is  also  before  me,  now  receives  £130,  nonresident,  after  18 
years'  expi^rience.  The  same  pitiful  story  comes  from  scores  of  small  country 
schools. 

The  headmasters'  salaries  present  a  pleasing  contrast.  In  the  best-paid  of  the 
schook  mentioned,  Tonbridge.  the  headmaster  receives  £5,000  and  upward,  while 
his  assi.stants  have  less  than  £200.  The  usual  average  is  ten  times  that  of  the  asBi.'»tant, 
falUng  to  five  times  in  the  East  Anglian  schools  and  even  occa>ionally  to  less.  So  far  as 
my  knowledge  goes  i  and  as  regards  some  of  these  schools  it  is  not  negative  knowledge), 
neither  headmaster  nor  governing  body  has  expressed  any  di.ssatisfaction  with  the 
state  of  alTair?  or  has  ever  considered  means  whereby  the  salaries  of  as.«i.*tant-<i  might 
be  permanently  improved.  The  chance  of  succeeding  to  a  boarding  hou.-e  keeps 
hope  alive  in  some  schools,  and  this  rather  than  the  earned  reward  of  merit  would 
seem  to  be  the  present  educational  ideal. 

The  follow-ing  definite  indications  of  salaries  in  four  types  of 
secontlary  schools  were  taken  by  Nons'ood  and  Hope  in  1909  (pp. 
o67-o6S)  from  a  list  issued  by  the  assistant  masters'  association: 

A.  LONDON  SCHOOLS. 

1.  City  of  London  School. 

(a)  Upj)er  scale,  £300,  rising  to  £450  by  annual  increments  of  £5  15e.  4d. 
(6)  Lower  scale,  £200,  rising  to  £350  by  same  increments.    Five  masters 
are  paid  on  the  higher  sc-ale  and  15  on  the  lower. 

2,  Mercers'  ScIumI. 

(a)  Upper  scale,  £1C0,  rising  to  £300. 

(b)  Lower  scale,  £120,  rising  to  £200. 

B.  PROVINCL\L  SCHOOLS. 

1.  Manchester  Grammar  School. 

Ordinarj'  scale,  £180,  rising  by  £20  every  two  years  to  £300. 

2.  King  Edward   VII  School,  Sheffield. 

(a)  Five  ma.«ters.  £220  to  £250.  rising  by  £10  annually  to  £300. 
(6)  Five  masters,  £180  to  £200,  rising  by  £10  annually  to  £250. 

(c)  Five  masters.  £150,  rising  by  £10  annually  to  £200. 

C.  Ml^NICIPAL  SECONDARY  SCHOOLS. 

1.  Bournemouth. 

£120,  ri-sing  to  £150,  with  three  special  salaries  of  £170,  rising  to  £250, 
£1G0,  rising  to  £200;  £140,  rising  to  £170. 

2.  Hartlepool. 

£150,  ri5ing  to  £200. 

D.  COUNTRY  AUTHORITIES. 

1.  London  County  Council. 

£150,  rising  by  annual  increments  of  £10  to  £300.  on  satisfactorj'  repMjrts, 
■with  further  annual  increments  of  £10  to  £350 

2.  Surrey. 

Nongraduates,  £100.  rising  by  annual  increments  of  £5  to  £150. 
Graduates,  £130,  rising  by  annual  increments  of  £7  10s.  to  £250. 
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Provision  for  the  pensioning  of  teachers  in  secondary  schools  is 
certainly  meager. 

A  number  of  wealthy  endowed  secondary  schools  have  for  some  time  had  individual 
pension  systems  of  their  own,  operating  under  provisions  of  their  respective  schemes 
of  government  of  charters,  most  of  which  were  received  under  the  endowed  schools 
acts  for  England  beginning  in  18G9.  *  *  *.  Also  in  a  few  cases  secondary  teachers 
in  schools  under  public  management  have  been  pensioned  by  local  authorities.  W  ith 
these  exceptions  there  has  been  nothing  remotely  approaching  any  general  provision 
of  pensions  for  secondary  teachers. 
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The  area  of  Finland  is  somewhat  less  than  half  that  of  Texas,  and  its 
population  is  but  shghtly  in  excess  of  3,000,000;  yet  it  publishes  many 
important  periodicals  and  is  the  home  of  not  a  few  learned  societies. 
Of  the  inhabitants,  about  SO  per  cent  are  Finns  and- about  11  per 
cent  Swedes. 

lU-  ordinances  of  1869  and  1872  the  general  administration  of  the  national  system 
of  primary  education,  an  well  as  that  of  the  secondary  schools  which  heretofore  had 
been  under  ecclesiastical  direction,  was  vested  in  a  central  board  or  council  of  educa- 
tion. The  members  of  this  council  are  appointed  by  the  senate  (constituted  by 
imperial  appointment),  upon  the  nomination  of  the  Diet  (le«:Lslative  asse  hly). 
The  executive  chief  of  the  system,  the  director  general,  is  also  appointe  .  by  the 
senate.  An  assistant  director  has  charge  of  primary  education,  and  there  are  Gov- 
ernment inspectors  for  both  secondary'  and  primary  schools. 

Those  State  secondary  schools  which  have  interest  for  us  are  the 
lyceer  (classical  and  real),  each  with  an  eight  years'  course.  In 
the  real,  as  compared  with  classical  lyceum,  one  additional  hour  i)er 
week  is  spent  on  mathematics,  and  greater  emphasis  is  laid  on  physics. 
Such  lyceer  prepare  directly  for  the  univci-sity. 

There  is  no  examination  in  passing  from  one  class  to  another  in 
the  lyceum.  But  after  finishing  the  work  of  the  \TII  da.ss,  the 
pupils,  who  are  about  17  years  of  age,  are  required  to  submit  to  both 
written  and  oral  tests.  The  written  tests  are  the  same  tliroughout 
the  country  and  occur  on  the  same  days.  They  consist  of  (1)  a 
composition  written  in  the  mother  tongue;  (2)  an  examination  in 
the  other  language,  Finnish  in  a  Swedish  school,  Swedish  in  a  Fiimish 
school;  (3)  a  Latin  translation  in  the  classical  lyceer,  a  French, 
German,  or  Russian  in  the  real;  (4)  a  test  in  mathematics.  In 
connection  with  (4),  (juestions  are  also  given  on  physics.  The  test 
lists  for  six  hours,  and  the  pupil  who  answers  at  least  three  ques- 
tions, out  of  about  ten.  in  a  manner  satisfactory  to  the  professors  in 
the  school,  is  declared  admissible.  The  paper  is  then  submitted  to 
the  examination  commission  of  the  university,  who  pass  upon  it 
f nally.  The  successful  pupils  who  have  also  passed  the  oral  test, 
given  by  the  professors  of  the  university,  on  all  the  subjects  of  the 
course,  receive  a  "leaving  certificate."     This  certilicate  now  admits 

the  student  to  the  university^ 
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THE  ALEXANDER  UNIVERSITY. 

As  experience  has  shown  that  the  course  of  mathematics  in  many 
lyceer  of  the  country  has  not  been  thorough,  on  account  of  the  great 
amount  of  time  taken  up  with  languages,  the  university  undertakes 
to  review  and  complete  certain  parts,  especially  in  trigonometry. 
Then  follows  a  course  in  analytic  geometry,  which  deals  with  the 
conic  sections  and  surfaces  of  the  second  degree.  Only  the  elements 
of  projective  geometry  are  taught.  The  text  is  the  manual  of 
analytic  geometry,  by  L.  Lindelof. 

Spherical  trigonometry  is  taught  in  connection  with  analytic 
geometry  of  space.  It  is  taken  up  more  in  detail  in  the  courses  on 
spherical  astronomy. 

Differential  and  integral  calculus  is  begun  in  the  first  year  at  the 
same  time  as  analytic  geometry,  and  its  study  is  carried  on  for  two 
years.  The  texts  of  L.  Kiepert  and  E.  Czuber  are  the  ones  most  in 
demand. 

An  elementary  course  in  differential  equations  is  frequently  given. 
It  contains  special  geometric  applications  of  the  theory.  Sometimes 
developments  lead  to  such  problems  as  the  conduction  of  heat  and 
other  questions  in  the  domain  of  mathematical  physics. 

Algebra  and  the  theory  of  numbers  are  given  in  the  second  year. 
The  pupils  use  G.  Bauer's  Vorlesungen  uber  Algebra  as  a  manual. 

Then,  further,  a  course  on  analytic  functions,  which  takes  account 
of  the  methods  of  exposition  of  Cauchy,  Riemann,  and  Weierstrass, 
is  given  every  year.  H.  Burkhardt's  Algebraische  Analysis  und 
Einfuhrung  in  die  TJieorie  der  analytischen  Funktionen  is  recom- 
mended for  the  students. 

Besides  the  above-mentioned  regular  courses,  there  are  frequently 
given  special  courses  in  certain  domains  of  mathematics,  such  as 
minimal  surfaces,  application  of  the  theory  of  groups  to  the  resolu- 
tion of  algebraic  equations,  elliptic  functions. 

The  teaching  in  the  sections  "  historico-philologique "  and  "phy- 
sico-mathematique "  of  the  faculty  of  philosophy  is  organized  in 
such  a  way  that  the  students  can,  in  general,  after  four  or  five  years 
of  study,  pass  the  necessary  examination  to  obtain  the  degree  of 
"candidate  of  philosophy." 

This  examination  comprises,  apart  from  a  written  test  in  a  modern 
language,  interrogation  bearing  on  at  least  four  of  the  sciences  in 
the  domain  of  the  faculty  in  question,  the  combination  of  subjects 
being  submitted  by  the  candidate  and  approved  by  the  section. 
In  each  subject  the  successful  candidate  obtains  a  predicate — ap- 
proiatur,  approhatur  cum  laude,  or  laudatur — these  predicates  de- 
pending on  the  extent  of  the  program  studied.  To  pass,  the  candi- 
date must  receive  either  the  predicate  laudatur  in  two  subjects,  or 
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laiidatur  in  one  and  approbatur  cum  laudo  in  two  others.  In  addi- 
tion to  tliis,  an  essential  part  of  the  examination  is  a  study  pro 
gradu.  In  this  paper,  which  requires  a  long  time  to  prepare,  the 
candidate  treats,  in  a  pei-sonal  way,  some  scientific  question  given 
or  approvetl  by  a  professor. 

To  obtain  the  highest  predicate  in  mathematics  in  this  examina- 
tion, it  is  necessary  to  know  thoroughly  the  courses  in  analytic 
geometry,  differential  and  integral  calculus  with  its  apphcations  to 
geometry,  differential  equations,  algebra  and  theory  of  numbers, 
and  the  theory  of  functions.  For  the  predicate  approbatur  cum 
laude,  the  theory  of  functions  disappears  from  the  j)r(>gram,  and 
only  the  first  principles  of  algebra  and  the  theory  of  differential 
equations  are  required.  The  program  for  the  predicate  approbatur 
is  confined  to  plane  trigonometry,  plane  analytic  geometry,  and  the 
fundamental  notions  of  the  differential  and  integral  calculus. 

The  candidate  who  has  obtained  the  degree  of  "candidate  of 
philosophy"  can  obtain  the  degree  of  licentiate  in  the  faculty  of 
philosophy  by  continuing  his  studies,  publishing  and  publicly  sus- 
taining a  thesis,  and  passing  an  oral  examination,  in  which  he  shows 
thorough  knowledge  in  three  subjects  within  the  domain  of  the 
faculty. 

The  candidate  of  philosophy  receives  at  the  annual  promotion  the 
title  of  master  in  arts;  under  the  same  conditions  the  hcenci^  may 
receive  the  title  doctor  in  philosophy. 

In  order  to  be  competent  to  fill  a  post  in  secondary  teaching,  it 
is  necessary  to  have  passed  the  examination  for  a  "candidate  of 
philosophy"  or  the  examination  for  the  "certificate  of  aptitude  in 
teaching."  This  latter  examination  is  passed  at  the  university.  It 
differs  from  the  first  only  in  that  it  is  not  absolutely  necessary  to 
obtain  the  highest  predicate  in  one  of  the  subjects.  Nearly  all 
candidates  become  "candidates  of  philosophy." 

NORMAL  LYCEER. 

The  professional  education  of  the  professors  in  secondary  schools 
is  concentrated  in  two  normal  lyceer,  one  for  professors  in  Finnish 
schools,  the  other  for  the  Swedish.  These  two  lycoor  are  under  the 
special  control  of  the  profe.ssor  of  pedagogy  in  the  university.  In 
order  to  be  inscribed  as  "stagiaire  ordinaire"  in  a  normal  lyceum  it  is 
necessary  to  have  a  "certificate  of  aptitude  in  teaching"  or  to  bo  a 
"candidate  of  philosophy."  As  a  general  rule,  the  mathematical 
candidates  have  passed  the  second  of  these  examinations  and  have 
obtamod  the  highast  or  the  next  to  the  highest  grade  in  this  subject. 
They  are  placed  under  the  immediate  direction  of  the  senior  pro- 
fessor of  mathematics. 
101179°— 18 5 
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The  extent  of  training  at  the  normal  lyceer  is  two  semesters. 
The  "stagiaire"  is  thoroughly  drilled  in  the  theory  and  practice  of 
pedagogy.  Under  the  surveillance  of  the  senior  professor  he  teaches 
in  a  State  lyceum.  When  his  major  is  in  mathem-atics,  he  also 
gives  instruction  in  physics  and  chemistry. 

In  addition  to  work  of  this  kind,  candidates  are  assembled  in 
conferences  of  three  types,  monthly,  general,  and  weeklv.  The 
monthl}^  conferences  are  presided  over  by  the  professor  of  pedagogy; 
ordinarily,  the  class  exammos  some  one  pedagogic  work  each  semester. 
Each  of  the  "stagiaires"  in  turn  makes  a  report  on  a  part  of  this 
work,  which  at  the  hour  of  the  conference  is  the  basis  for  discussion. 
The  portions  of  the  work  which  concern  mathematics  are  assigned 
to  mathematical  candidates.  In  the  general  conferences  questions 
of  general  pedagogy  are  discussed.  The  weekly  conferences  are 
either  the  conferences  of  the  candidates  in  a  special  subject  or  those 
related  to  it,  or  special  conferences  arranged  by  the  senior  professors 
for  the  individuals.  In  the  mathematical  section  a  mathematical 
work  is  generally  examined  in  a  mamier  similar  to  that  obtaining  in 
the  monthly  conferences. 

The  "condition  of  competence"  required  to  obtain  a  post  as  pro- 
fessor is  that  the  candidates  possess  the  degree  of  "  candidate  of  phil- 
osophy "  with  the  highest  grade  in  the  major  subjects  required  by  the 
post.  For  the  position  as  "charge  de  cours"  the  same  degree  or 
the  "certificate  of  aptitude,"  with  at  least  the  second  highest  grade 
in  the  major  subjects  required  by  the  position,  is  necessary.  For 
both  classes  of  teachers  an  exammation  in  pedagogy  and  a  test  in 
practical  pedagogy  are  required.  These  tests  are  conducted  by  a 
comicil  of  the  senior  professors  of  the  lyceum,  Finnish  or  Swedish,  as 
the  case  may  be.  This  council  consists  of  five  members;  the  rector 
of  the  normal  lyceum,  the  senior  professors  of  the  subject  in  question 
from  the  two  normal  lyceer,  and  two  members  of  the  council  of  the 
normal  lyceum  where  the  candidate  is  being  tested.  The  candidate  is 
invited  to  teach  in  assigned  classes  for  the  purpose  of  showing  his 
aptitude  for  the  career  which  he  wishes  to  embrace.  On  the  basis  of 
this  test  is  given  the  grade  approhatur,  approhatur  cum  laude  or 
laudatur,  according  to  the  work  done. 

CONCLUDING  REMARKS. 

About  one-half  of  the  students  in  the  faculty  of  philosophy  at  the 
university  look  forward  to  a  career  in  connection  with  secondary 
education.  Nevertheless,  the  professional  education  of  such  teach- 
ers has  been  conducted  almost  wlToUy  by  those  outside  the  university. 
Some  slight  departure  from  this  policy  with  regard  to  mathematics 
was  made  in  1912,  when  an  associate  professor  of  mathematics  in  the 
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university  was  appointoil  to  a  rocontly  creatod  chair.  The  special 
task  of  this  professor  is  "to  give  courses  and  direct  the  practical 
exorcises  for  the  future  professors  of  mathematics  in  the  secondary 
schools." 

Among  topics  which  this  professor  takes  up  are: 

In  geometry:  The  axioms  of  Euclidean  Reomotry;  the  principles  of  projective  geome- 
try; a  sketch  of  the  various  systems  of  geometry;  a  systematic  exposition  of  the 
elementary  methods  of  resolution  of  geometric  problems;  the  history  of  elementary 
gei>metry. 

In  trigonometry:  The  historical  development  of  the  science. 

In  arithmetic:  Motlmds  of  numerical  calculation;  the  historical  development  of 
elementarj-  arithmotic;  the  extension  of  the  idea  of  number. 

In  algebra  and  the  theory  of  numbers:  The  notion  of  divisibility  in  the  theory  of 
numbers  and  in  algebra;  the  historical  development  of  algebra  and  abridged  notation; 
the  application  of  algebra  to  the  resolution  of  problems  in  geometric  constructions 
with  the  aid  of  various  instruments. 
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Few  countries  in  the  world  can  compare  with  France  in  the  high 
standards  maintained  with  regard  to  the  appointment  of  teachers 
of  mathematics  for  the  secondary  schools.  One  may  almost  say 
that  tlie  educational  scheme  in  France  is  largely  organized  with  refer- 
ence to  the  preparation  and  selection  of  secondary  school  teachers. 
It  is  important  therefore  to  have  this  general  scheme  in  mind. 

For  educational  purposes  France  is  divided  geographically  into 
arrondissements.  The  assemblage  of  Government  schools  (primary, 
secondary,  and  superior)  in  each  arrondissement  forms  an  academie 
over  which  a  recteur  presides.  Tliere  are  thus  the  16  academies  of 
Aix-Marseilles,  Besan^on,  Bordeaux,  Caen,  Chambery,  Clermont, 
Dijon,  Grenoble,  Lille,  Lyon,  Montpellier,  Nancy,  Paris,  Poitiers, 
Rennes,  Toulouse,  as  well  as  a  seventeenth  at  Algiers.  With  the 
exception  of  Chambery,  these  names  correspond  to  the  seats  of  the 
French  universities. 

The  assembliige  of  academies  constitutes  the  Universite  de  France, 
at  the  head  of  which  is  the  minister  of  public  instruction,  who  is  ex 
officio  the  ''Recteur  de  Txicademie  de  Paris  et  Grand  Maitre  de 
rUniversite  de  Paris."  For  the  Academie  de  Paris  there  is  a  vice 
recteur  whose  duties  are  the  same  as  those  of  the  recteurs  of  other 
academies.  Although  nominally  lower  in  rank  than  the  heads  of 
academies  in  the  Provinces,  he  is  in  reality  the  most  powerful  official 
in  the  educational  system.  Since  the  position  of  the  minister  of 
public  instruction  is  so  insecure  by  reason  of  changing  governments, 
continuity  of  scheme  is  assured  by  three  lieutenants  who  have  charge 
respectively  of  the  primary,  secondary,  and  superior  education. 
They  in  turn  have  an  army  of  inspectors  who  report  on  the  work  and 
capabilities  of  the  recteurs  and  their  academies  as  far  as  primary  and 
secondary  instruction  are  concerned. 

The  present  system  of  secondary  education  in  France  dates  from 
the  great  reform  of  1902  (important  modifications  were  introduced  in 
1905,  1909,  and  1913  ^)  and  is  carried  on  for  the  most  part  in  lycees 
and  colleges  communaux,  which  are  to  be  found  in  nearly  all  cities. 
Because  of  their  preeminence  we  shall  consider  the  teachers  in  the 
former  only,  which  are  under  control  of  the  State.  Here  the  boys 
who  come  from  families  in  comfortable  circumstances  may  enter 
at  the  age  of  5  or  6  years  and  be  led  along  in  their  studies  till  they 

'Rept.  of  Commis.  Educ,  1911-12,  vol.  1,  Washington,  1913,  pp.  528-532. 
66 


FRANCE.  67 

receive  the  barcaljiiiieat  j\t  the  a>;o  t)f  Ki  or  17.  Many  lye^^es  have 
still  more  advanceii  coui-ses  to  prepare  for  entrance  into  such  schools 
as  the  ficole  Xonnale  Sup^'rii-ure,  Kcole  Polytechnique,  I^^cole  C'en- 
trale.  Kcole  Xavale.  or  ficole  de  Saint  Cyr.  For  our  purj)ose  it  is 
desiral)le  to  consider  these  advanced  coursi»s  and  the  students  who, 
ha\'int;  taken  them,  enter  tiie  ficole  Normale  Sup^rieurc. 

Instruction  in  fully  c(|ui|)j)eil  lyc6es  may  be  divided  into  four 
sectiojis:  (1)  Primary,  fivi'  yeai*s,  for  children  from  5  to  10  years  of 
age;  followed  by  (2)  lii*st  cycle,  four  yc^irs,  the  lii*st  section  of  the 
secondary  education,  proi>erly  speaking;  which  leads  to  (3)  second 
cycle,  three  yeai-s,  on  the  completion  of  which  the  student  receives 
the  State  degree  known  as  the  baccalaureat.  In  about  one-third  of 
the  120  lyc6es  in  France  there  are  also  (4)  the  classes  de  math6- 
matiques  speciales.  In  considering  the  training  of  teachers  for  the 
lyc6es  certain  general  facts  with  regard  to  (2)  and  (3)  should  be  borne 
in  mind,  while  detailcfl  information  as  to  (4)  is  essential. 

Since  the  reforms  of  a  decade  or  so  ago  the  pupils  of  the  first  cycle 
are  divided  into  two  groups.  In  the  one  are  those  who  learn  Latin, 
with  or  witlutut  (Ireek.  and  in  the  other  are  those  who  have  nothing 
to  do  with  a  dead  language.  Pupils  of  the  latter  group  go  into  the 
science-modern  languages  section  of  the  second  cycle.  Into  this 
section  may  also  enter  certain  pupils  who  give  up  the  study  of  Latin 
to  specialize  in  modern  languages  and  science.  But  in  the  second 
cycle  there  are  three  other  sections  entitled,  "Latin-science," 
"Latin-modern languages,"  and  "Latin-Greek."  The  work  in  math- 
ematics is  decidedly  heavier  in  the  science  sections,  and  as  this 
work  must  be  taken  by  all  prospective  teachers  of  mathematics,  we 
may  confine  our  attention  to  these  sections.  The  classes  of  these 
sc<*tions  in  the  successive  years  are  named  as  follows: 

Classes  of  the  sections. 


First  year. 

Second  year. 

Third  year. 

Latin -sdenoe 

Seconde  C Premifere  C.  

Seconde  I  * Premiire  I)  . . 

Mathi^matiques  .\. 
Malhumatiques  B. 

Science-languages 

Tlie  work  in  mathematics  is  the  same  throughout  in  both  sections. 

At  the  end  of  the  second  j'ear  the  first  of  the  examinations  for  the 
baccalaureat  are  taken.  Tliey  are  both  written  and  oral  and  of  an 
elaborate  and  exacting  nature.  Among  the  examiners,  six  in  num- 
ber, in  a  given  arrondissement,  three  are  professors  from  the  univer- 
sity. Under  similar  conditions  the  second  and  final  tests  are  applied 
at  the  end  of  the  third  year '  and  the  successful  pupil  becomes  a 

•K.  LORMKAU  ET  P.  MERLET.  Problimtg  deg'omilrie  donnra  aux  ejamen  du  baccalawrat  Latin- 
Seience.  Scinices-langiui.  Mathimanqxun  A  (1904-1608)  inonei* dam  la  geometrie Andre  etLvrmeau.  Eaauc^ 
et  Solutions.    Paris,  .\iidre-(Ju6don,  (ISOUJ. 
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hachelier.  Little,  if  any,  exaggeration  is  made  by  regarding  the  bache- 
lier  as  upon  a  plane  of  scholastic  equality  with  the  student  who  has 
finished  the  sophomore  year  at  one  of  the  best  American  universities. 
Several  of  France's  most  brilliant  mathematicians  and  teachers  of 
our  day  became  bacheliers  when  only  16  or  17  years  of  age. 

If  the  bacheHer  who  is  proficient  in  mathematics  be  not  turned 
aside  by  circumstances  or  inchnation  to  seek  immediately  a  career 
in  civil  or  Government  employment,  he  is  likely  to  proceed  to  prepare 
himself  for  the  highly  special  and  exacting  examination  necessary  for 
entrance  into  one  of  the  great  schools  of  the  Government.  The 
method  of  this  preparation  exhibits  a  very  pecuhar  feature  of  the 
French  system.  Whereas  with  us,  or  with  the  Germans,  the  boy  who 
has  finished  his  regular  course  in  the  secondary  school  goes  directly 
to  some  department  of  a  university  for  his  next  instruction,  the 
bachelier,  who  has  a  perfect  right  to  follow  the  same  course,  returns 
to  this  old  lycee  (or  enrolls  himself  at  one  of  the  great  Paris  lycees, 
such  as  St.  Louis,  Louis  le  Grand,  or  Henri  IV),  to  enter  the  classe 
de  mathematiques  speciales  preparatoires  wliich  leads  up  to  the  classe 
de  mathematiques  speciales.  The  latter  is  exactly  adapted  to  pre- 
pare students  for  the  Ecole  Normale  Superieure,  the  Ecole  Poly- 
technique,  and  the  bourses  de  Ucence.  As  mentioned  above  only  a 
small  proportion  of  the  lycees  have  this  classe,  but  with  the  exception 
of  Aix  they  are  to  be  found  in  all  university  towns.  On  the  other 
hand,  still  other  lycees  have  classes  which  prepare  specially  for  the 
less  exacting  mathematical  entrance  examinations  of  the  Ecole 
Centrale,  Ecole  de  St.  C}t,  Et>ole  Navale,  etc.  But  the  number  of 
pupils  who  on  first  starting  out  deliberately  try  to  pass  examinations 
for  these  schools  is  small  in  proportion  to  the  number  who  even- 
tually reach  them  after  repeated  but  vain  effort  to  get  into  the  Ecole 
Polytechnique  or  the  Ecole  Normale  Superieure.  Just  what  makes 
these  two  schools  famous  and  pecuHarly  attractive  wiU  appear  later. 
When  the  pupil  has  won  his  baccalaureat  he  may  immediately  matri- 
culate into  a  university,  and  although  it  might  be  possible  for  him  to 
keep  pace  with  the  courses,  it  would  be,  in  mathematics  at  least,  a 
matter  of  excessive  difficulty.  There  is  then  in  reality,  between  the 
baccalaureat  and  the  first  courses  of  the  universities,  a  distinct  break, 
bridged  only  by  the  classes  de  mathematiques  speciales.' 

The  eleves  who  enter  the  preparatory  section  of  this  class  are, 
generally,  bacheliers  leaving  the  classes  de  mathematiques.  Natural 
science,  history  and  geography,  philosophy — indeed  practically  every 
study  except  those  necessary  for  the  end  in  view— have  been  dropped, 
and  from  this  time  on  to  the  agregation  and  doctorat,  aU  energies 

I  It  is  only  for  mathematical  or  scientific  students  that  such  a  break  occurs,  as  no  special  classes  are  pro- 
vided in  other  subjects  except  in  tlie  case  of  half  a  dozen  Paris  lycees  which  have  classes  in  ''letters"  pre- 
paratory for  entry  into  the  ^cole  Normale  Superieure. 
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are  bent  in  the  direction  of  intense  specialization.  Tliis  is  the  most 
pronounced  characteristic  of  French  education  to-day.  In  mathe- 
matics, instruction  now  occupies  12  instead  of  8  hours  per  week. 
New  points  of  view,  new  topics  and  broader  general  principles,  are 
developed  in  algebra  and  analysis,  trigonometry,  analytic  geometry, 
and  mechanics.  Physics  and  chemistry  are  taught  during  6  hours 
instead  of  5.  Add  to  these,  German,  2  hours;  French  hteniture,  1 
hour;  tlescriptive  geometry,  4  liours;  drawing,  4  hours.  After  one 
year  of  this  preparatory  training  the  el^vo  passes  into  the  remarkable 
classe  de  math^matiques  sp^ciales. 

Eight  years  of  strenuous  training  have  made  this  class  possible 
for  the  young  man  of  17  or  18  years  of  age,  who  is  confronted  with  no 
less  than  34  hours  of  class  and  laboratory  work  per  week  and  no  limit 
as  to  the  number  of  hours  expected  in  pre}>aring  for  the  classes. 
The  program  seems  a  well-nigh  impossible  performance  for  one  year. 
Surely  no  other  country  can  show  anything  to  compare  with  it. 

It  would  be  interesting  to  consider  fully  the  mathematical  program 
as  given  at  the  end  of  the  plan  d'^tude,  but  I  shall  hastily  refer  to 
only  a  few  of  the  subjects  treated.  In  algebra  and  analysis  we  find 
developed  the  fundamental  ideas  concerning  irrational  numbers,  con- 
vergency  and  divergency  of  series,  the  elements  of  the  theory  of 
functions  of  a  real  variable,  power  series,  their  multiplication  and 
division,  their  differentiation  and  integration  term  by  term,  Taylor's 
fomiula,  the  theory  of  algebraic  equations,  including  symmetric 
functions,  but  omitting  the  discussion  of  infinite  roots.  The  latter 
part  of  the  course  treats  of  differentiation  of  functions  of  several 
variables,  elementary  ideas  concerning  definite  integrals,  integration 
of  such  functions  as  are  considered  in  a  first  calculus  course  of  the  best 
American  colleges,  rectification  of  curves,  calcidation  of  volumes, 
plane  areas,  moments  of  inertia,  centers  of.  gravity,  differential 
equations  of  the  first  order,  solutions  of  simpler  differential  equations 
of  the  second  order  which  occur  in  connection  with  profdems  of 
mechanics  and  physics.  Whenever  possible  in  the  discussion  of 
these  topics  the  power  to  work  numerical  examples  is  emphasized. 

Plane  trigonometry  and  the  discussion  of  spherical  trigonometry 
through  the  law  of  cosines  are  treated  in  class,  and  five-place  tables 
are  used. 

In  the  course  on  analytic  geometry  there  is  given  a  thorough  dis- 
cussion of  equations  of  the  second  degree,  of  homography  and  anhar- 
monic  ratios  as  they  enter  into  the  discussion  of  curves  and  surfaces 
of  the  se<;ond  degree,  of  points  at  infinity,  asymptotes,  foci,  trihnear 
coordinates,  curvature,  concavity  and  convexity,  envelopes,  evolutes. 
The  professor  also  discusses  thoroughly  the  various  questions  con- 
nected with  the  treatment  of  quadric  surfaces  and  less  completely, 
the  theory  of  surfaces  in  general,  of  space  curves,  osculating  planes, 
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curvature  of  surfaces.  The  elements  of  the  theory  of  unicursal  curves 
and  surfaces  and  of  anallagmatic  curves  and  surfaces  are  also  taken  up. 
So  also,  we  find  broadly  arranged  programs  in  mechanics  and 
descriptive  geometry.  The  whole  number  of  class  hours  per  week  is 
broken  up  as  follows: 

Mathematics,  15;  physics,  7  (2  in  laboratory);  chemistry,  2;  descriptive  geometry, 
4;  drawing,  4;  German,  2;  French,  1.  The  scope  of  the  mathematical  work  may  be 
judgedfromsomebooks  which  were  prepared  with  the  needs  of  such  a  class  especially 
in  view:  B.  Niewenglowski,  Cours  d'algebre,  I,  382  pp.;  II,  508  pp.;  supplement — G. 
Papelier  Precis  de  geometrie  analytique,  696  pp. — Girod,  TrigonomHrie,  495  pp.— P. 
Appell,  Cours  de  mecanique,  650  pp. — X.  Antomari,  Cours  de  geometrie  descriptive, 
619  pp. 

If  anything,  this  list  underestimates  the  work  actually  covered  ^ 
by  those  who  finally  go  out  from  the  class.  Tannery's  Lemons  d  alge- 
hre  et  (V analyse  (I,  423  pp.;  II,  63G  pp.),  might  well  replace  Nieweng- 
lowski's  work;  while  Niewenglowski's  Cours  de  geometrie  analytique 
(I,  483  pp.;  II,  292  pp.;  Ill,  569  pp.)  represents  the  standard  almost 
as  nearly  as  Papelier's  volume.  Another  treatise  on  mechanics 
widely  used  is  that  of  Humbert  and  Antomari. 

When  we  further  realize  that  the  main  parts  of  the  books  in  this 
list,  which  represents  the  work  for  only  one  of  a  half  dozen  courses, 
are  covered  by  the  professor  in  about  15  months — the  last  three 
months  of  the  second  year  are  given  over  to  drill  in  review  and 
detail — we  begin  to  get  some  conception  of  what  the  classe  de 
mathematiques  speciales  really  stands  for.  In  his  mstruction  the 
professor  is  officially  ''recommended" — 

not  to  overload  the  courses,  to  make  considerable  use  of  books,  not  to  abuse  general 
theories,  to  expound  no  theory  without  numerous  applications  dealt  with  in  detail, 
to  commence  invariably  with  the  more  simple  cases,  those  most  easy  to  understand, 
leading  up  finally  to  the  general  theorems.  Among  the  applications  of  mathematical 
theory,  those  which  present  themselves  in  mathematical  physics  should  be  given 
the  preference,  those  wliich  the  young  people  will  meet  later  in  the  course  of  their 
studies  either  theoretical  or  practical.  Thus,  in  the  construction  of  curves,  choose  as 
examples  those  curves  which  present  themselves  in  physics  and  mechanics,  as  the 
curves  of  Van  der  Waals,  the  cycloid,  the  catenary,  etc.^ — -in  the  theory  of  envelopes 
choose  those  examples  of  envelopes  which  are  met  in  the  theory  of  cylindrical  gear- 
ing— and  so  on.  The  pupils  should  be  trained  to  reason  directly  on  the  particular 
cases  and  not  to  apply  the  formulae.  To  sum  up,  the  aim  should  be  to  develop  the 
pupil's  judgment  and  initiative,  not  his  memory. 

The  success  of  a  class  is,  by  happy  arrangement,  not  left  to  depend 
wholly  upon  a  single  man.  Take,  for  example,  lycee  St.  Louis  in 
Paris.  It  is  the  greatest  preparatory  school  for  the  Ecole  Normale 
Superieure  and  the  Ecole  Poly  technique.  There  are  four  classes  de 
mathematiques  speciales,  and  for  all  the  members  of  these  classes, 
conferences,  interrogations,  and  individual  examination   are   organ- 

>  That  is,  much  more  than  what  is  called  for  by  examination  questions  is  studied.  The  students  find 
truth  in  the  adage:  Qui  pcul  h  plus  peut  le  mains. 
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ized.  llioso  exorcises,  which  arc  (•«)ni])lcincntaiy  to  the  (hiily  in- 
stiiictioii,  arc  conducted  by  one  of  the  professors  in  the  lyc^'c,  or 
by  one  oi  another  lycee,  or  by  one  of  those  from  the  Coll^j^e  de  France, 
the  Sorbonne,  the  ficole  Polytechnicjue,  or  the  Ii)cole  Normale.  In- 
capable students  are  thus  speedily  weeded  out,  a  marked  solidity  of 
the  training  is  attained  and,  perhaps  most  valuable  of  aU,  the  inter- 
est of  the  pupil  is  sustained  at  a  high  pitch. 

With  the  end  of  the  year  the  pupil  has  his  first  experience  of  a 
concours  or  competitive  examination.  Previously  he  has  foimtl 
that  it  was  necessary  only  to  make  a  certain  percentage  in  order  to 
momit  to  the  next  stage  in  his  scholastic  career;  but  now  it  is  quite 
different.  In  1908,  1,078  pupils  trietl  for  admission  to  the  £colo 
Poly  technique,  i)Ut  only  200,  or  19.5  per  cent,  were  received;  for 
the  department  of  science  in  the  Ecole  Normale  Superieure,  22  out 
of  274,  or  8  per  cent,  succeeded.  In  each  case  the  number  was  fixed 
in  advance  by  the  Government  according  to  the  capacity  of  the 
school;  the  fortunate  ones  were  those  who  stood  highest  in  the  exam- 
inations, written  and  oral.  In  the  case  of  the  ficole  Polytechnique, 
the  written  examinations  were  held  in  all  the  lycees  which  had  a 
dasse  de  mathcmatiques  speciales.  The  387  candidates  declared 
"admissible"  were  then  examined  orally  at  Paris,  and  from  them  the 
200  were  chosen.  Similarly  for  the  ficole  Normale,  the  written 
examinations  are  conducted  at  the  seats  of  the  various  academies 
and  the  oral  at  Paris.  Since  1904  the  concours  passed  by  students 
wishing  to  enter  the  Iilcole  Normale  has  been  that  for  the  stipends 
known  as  boui*ses  de  licence,'  o])en  to  candidates  of  at  least  18  years 
of  age  and  not  more  than  24.  Certain  dispensations  in  the  matter 
of  age  are  sometimes  granted.  The  value  of  the  bourse,  for  the  sec- 
tion of  science,  is  from  600  to  1,200  francs  a  year  and  is  intended  to 
help  the  students  to  prepare  for  the  licence  and  other  examinations 
required  of  prospective  professors  in  the  lycees  and  universities. 
The  cantlidates  leading  the  list  in  the  concours  are  sent  to  the  ficole 
Normale  Superieure  for  from  three  to  four  years.  It  is  necessary 
for  the  six  or  seven  other  boursiers  to  prepare  for  future  examina- 
tions at  the  various  universities  of  the  Provinces.  Their  bourses 
last  regularly  for  two,  and  exce])tionally  for  three,  years. 

But  to  return  to  the  students  of  the  classes  de  mathcmatiques 
speciales.  At  the  end  of  the  first  year,  when  18  or  19  years  old,  they 
usually  present  themselves  for  the  concours  of  both  the  bourse  do 
licence  and  the  ficole  Polytechnicjue,  the  examinations  in  the  former 
being  more  strenuous  and  searching.  Only  from  2  to  5  per  cent 
siiccewl  on  the  first  trial.  The  others  then  go  back  to  the  lycee  and 
take  anotht^r  year  in  the  classes  de  mathematitjucs  speciales.  Many 
points  not  fully  miderstood  before  are  now  clear,  and  at  the  end  of 

'The  mathematical  questioDs  at  the  concours  of  1913  are  given  in  Appendix  C. 
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the  second  year  from  25  to  28  per  cent  are  successful.  The  persever- 
ing of  those  who  fail  again  return  to  their  classe  and  try  still  a  third 
time  (the  last  permitted  for  the  bourse  de  licence) ;  but  it  is  a  matter 
of  record  that  less  than  one-half  of  those  who  enter  the  classe  de 
mathematiques  speciales  succeed  even  with  three  trials.  This  is 
usually  the  last  trial  possible  for  .entry  into  the  Ecole  Poly  technique, 
as  the  young  man  who  has  passed  the  age  of  21  on  the  1st  of  January 
preceding  the  concours  may  not  present  himself.  The  remainder 
of  the  students  either  seek  for  entrance  into  Government  schools 
with  less  severe  admission  requirements,  and  thus  give  up  their 
aspirations  to  become  mathematicians,  or  else  continue  their  studies 
at  the  Sorbonne  or  other  university.  The  candidate  who  heads  the 
list  in  each  of  these  concours  has  his  name  widely  published.  In 
the  case  of  the  bourse  de  licence  he  is  called  the  cacique,  and  he  very 
frequently  tops  also  the  Ecole  Polytechnique  list. 

If  the  work  in  the  classe  de  mathematiques  speciales  is  so  enor- 
mously difficult  ^  that  only  2  to  5  per  cent  of  its  members  can,  at  the 
end  of  one  year,  meet  the  standard  of  requirements  of  the  examina- 
tions for  which  it  prepares,  why  is  not  the  instruction  spread  over 
two?  Since  nearly  aU  the  mathematical  savants  who  now  shed 
luster  on  France's  fair  fame  have  passed  from  this  remarkable  class 
on  the  first  trial,  there  can  be  no  doubt  that  the  answer  to  this 
question  may  be  found  in  the  fact  that  the  French  Government  ever 
seeks  her  servants  among  the  elite  of  the  nation's  intellectuals. 

Those  who  pass  from  the  classe  de  mathematiques  speciales  at 
the  early  age  of  18  years  are  not  i  u  aerous,  but  Borel  and  Picard 
are  such  men,  while  Goursat  entered  the  Ecole  Normale  Superieure 
at  17  years  of  age.  For  the  average  boy  the  lycee  course  is  heavy, 
and  more  than  once  he  may  have  to  halt  in  order  to  repeat  a  year. 
The  system  of  training  is  largely  formulated  to  develop  to  the  full 
the  powers  of  the  brdliant  boy  and  to  promote  his  rapid  advance- 
ment. For  su  h  youths  poverty  is  no  deterrent.  Every  lycee  has  a 
number  of  bursaries  (covering  all  expenses)  which  it  distributes  to 
just  such  boys  coming  with  distinguished  records  from  the  primary 
schools.  If  the  boy's  record  is  sustained,  renewal  of  -his  bm'sary 
from  year  to  year  is  assured. 

There  has  been  occasion  to  point  out  the  strong  influence  which 
the  Ecole  Normale  Superieure  and  Ecole  Polytechnique  exert  on  the 
careers  of  the  flower  of  the  French  youth ;  how  that  instead  of  enter- 
ing the  university  on  passing  the  baccalaureat,  as  in  America  or  in 
Germany — 

they  seek  to  enter  these  schools.  The  reason  for  this  is  not  difficult  to  find.  The 
Ecole  Polytechnique  which  prepares  its   pupils   as   military  and  naval  engineers, 

Cf.  p.  AppelJ,  "Sur  la  classe  de  mathematiques  speciales,"  L'  Enseignement  mathimatigues,  vol.  2, 
1900,  pp.  340-346. 


FRANCE.  73 

artillery  office™,  civil  engineers  in  Government  employ,  tele},'raphist8  and  officials 
of  the  Government  tobacco  mauufactoriea,  offers  all  of  ita  graduates  a  career  wLich 
is  at  once  rapid,  brilliant,  and  certain.  The  ficole  Normale  practically  a-ssures  ita 
graduate?  at  least  a  pn^ifess<>n»hip  in  a  \yc6o  and  prepares  its  students  for  this  or 
for  a  university  career,  better  ami  uiun*  rapidly  than  tlie  university  can  do  it. 

Let  us  suj)pose  that  our  future  niathematiciil  professor  in  the 
lyc'4e  is  one  of  the  11  mathematical  students  who  is  successful  in 
getting  into  the  Ecole  Xi>rmale  in  a  given  year.  He  studies  there 
for  three  years  and  receives  special  drill  in  pedagogy;  simultaneoasly 
he  also  hears  courses  of  lectures  at  the  Sorbonne  '  and  at  the  College 
de  France.'  Almost  the  whole  purpose  of  the  drill  and  instruction 
is  to  prepare  for  two  examinations,  the  licence  and  the  agregation. 

Tlie  dij)loma  Licence  es  Sciences,  which  is  necessary  for  all  those 
who  take  up  secondary  teaching,  is  granted  to  those  who  have  three 
"certificats"  in  anyone  of  three  groups  of  subjects.  Our  mathema- 
tician is  examined  in  the  following  subjects:  (1)  Differential  and 
integral  calculus;  (2)  rational  mechanics;  (3)  general  physics  or 
some  advanced  topic  in  mathematics.  Tlie  examinations  may  be  taken 
singly  in  July  or  in  November;  each  examination  successfully  passed 
entitles  the  student  to  a  certificat  for  that  subject.  The  examin- 
ation Consists  of  three  parts,  epreuve  eciite,  epreuve  pratique,  eprcuve 
omle.  The  first  two  are  written  examinations  of  about  four  hours 
each.  Tlieoretic  considerations  abound  in  the  ^crite,  while  numerical 
calculation  is  characteristic  of  the  pratique.  The  oral  lasts  for 
15  to  20  minutes  and  is  held  before  a  jury  of  those  professors  who 
have  the  whole  examination  in  charge.  The  pass  mark  is  50  per 
cent. 

To  understand  just  what  is  implied  in  the  possession  of  the  di- 
ploma. Licence  es  Science,  let  us  consider  the  value  of  such  a  certificat 
as  that  in  differential  and  integral  calculus.  To  prepare  for  the 
examination  in  this  subject  at  the  Sorbonne  (and  the  methods  at 
other  universities  in  France  are  little  diflerent)  the  candidate  attends 
three  courses  during  the  preceding  year.  The  first  of  these  consists 
of  about  60  lectures  of  70  minut(^  each  on  differential  and  integral 
calculus  by  Goursat ;  in  the  second,  30  lectures  of  one  hour  each  on 
applications  of  analysis  to  geometry  are  given  by  another  professor; 
the  third  course  is  made  up  of  60  lectures  of  about  70  minutes  each 
on  problems  illustrative  of  the  above  100  lectures.  In  this  way 
practicaUy  all  of  the  first  volume  and  a  portion  of  the  second  volume 
of  Goursat's  Cours  d'analyse  malhematique  is  discussed.  Upon 
this  work  the  examination  for  the  first  certificat  is  based.     In  a 

>  The  Sorb<)tme  is  the  name  of  a  biiildiiig  ia  the  University  of  Paris  where  the  instruction  in  science  and 
letters  is  piven. 

'  The  Cor>ze  de  Franr-e,  founded  In  the  sixtwnth  century,  is  independent  of  the  jreneral  educational 
s«"herae  hut  :  inks  higher  than  any  of  the  iiniver-iitic^.  Two  or  three  courses  in  pure  and  applied  mathe- 
matics are  otiered  each  year.  In  them  the  lecturers  usually  set  forth  original  developments  of  the  sub- 
jects. 
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similar  way  there  are  three  courses  each  in  preparation  for  the  exam- 
inations to  secure  the  certificats  in  rational  mechanics  and  general 
physics.  There  is  probably  no  graduate  school  in  America  where 
the  student  attains  such  a  comprehensive  grasp  and  mastery  of  these 
subjects. 

Unlike  the  baccalaureat  and  the  Hcence,  the  agregation  is  a  com- 
petitive examination  and  is  conducted  by  the  State.  The  number 
who  become  agreges  each  year  is  fixed  in  advance  by  the  minister 
of  pubhc  instruction  according  to  the  needs  of  the  lycees  in  the 
country.  This  number  in  recent  years  has  been  about  14;  the  num- 
ber of  candidates  is  usually  about  80.  Our  candidate  for  this  exam- 
ination must  have  four  certificats:  (1)  DiiTerential  and  integral 
calculus;  (2)  rational  mechanics;  (3)  general  physics;  and  (4)  a  sub- 
ject chosen  at  pleasure  in  the  advanced  mathematical  fields  in  which 
courses  are  offered. 

To  pass  the  agregation  our  future  professor  disposes  of  his  three 
years  as  follows:  During  each  of  the  first  two  years  he  passes  the 
examinations  for  two  of  the  four  certificats.  With  these  successfully 
taken  he  turns  his  whole  attention  to  preparing  for  the  agregation 
proper.  This  examination  is  unique  in  its  difficulty  and  exactions. 
As  it  is  organized  for  selecting  the  most  efficient  young  men  in  the 
country  to  take  charge  of  the  mathematical  classes  in  the  lycees, 
the  examination  turns  largely  on  the  subjects  there  taught.  .  It 
consists  of  ejjreuves  preparatoires  and  epreuves  definitives.  The 
former  are  four  written  examinations,  each  of  seven  consecutive  hours 
in  length  (7  a.  m.  to  2.  p.  m.).  Tlie  first  two  of  these  are  on  subjects 
chosen  from  the  program  of  the  lycee  in  mathematiques  elementaires 
and  mathematiques  speciales.  Tlae  last  two,  based  on  the  work  of 
the  candidates  in  the  universities,  are  a  composition  on  analysis  and 
its  geometric  applications  and  a  composition  on  rational  mechanics.* 
The  epreuves  are  held  at  the  seats  of  the  various  academies  of  France. 
Those  who  have  reached  a  sufficiently  high  standard  are  declared 
"admissible."  Their  number  is  usually  a  little  less  than  twice  the 
possible  number  to  be  finally  received.  They  must  present  them- 
selves at  Paris  for  the  epreuves  definitives.  These  consists  of  two 
written  examinations  and  two  lepons  or  specimens  of  class-room 
instruction.  The  written  tests  are  an  6preuve  de  geometric  descrip- 
tive, and  a  calcul  numerique.  Their  duration  is  fixed  by  the  jury, 
but  it  is  usually  four  hours  for  each.  A  lepon  is  supposed  to  be 
the  treatment  of  some  topic  such  as  a  professor  might  give  (dur- 
ing three-fourths  to  one  hour)  in  a  lycee.  The  subjects  are  drawn 
by  lot  and  are  taken  from  the  programs  of  the  following  classes: 
(a)  Mathematiques  speciales ;  (b)  Seconde,  Premiere  C,  D,  and  Mathe- 

i  Copies  of  examination  questions  and  of  the  program  of  a  concours  may  be  consulted  in  Appendix  D. 
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matiquos  A.  B.  For  each  lesson  iho  caiuliilato  has  four  hours  to 
think  over  what  lie  is  going  to  say.  No  help  from  book  or  other 
source  is  permitted.  The  unfortunate  who  has  Uttle  to  say  is  speed- 
ily "  adjourned." 

The  agreges  are  those  specially  prepared  by  the  State  for  the 
positions  of  professeurs  titulaires  in  the  lyc^es.  Although  this  title 
is  not  conferred  regidarly  till  the  agr^g6  has  completed  his  twenty- 
fifth  year,  those  wlio  are  younger  receive  temporary  appointment, 
*^or  every  agr^'g^  may  demand  a  position  as  his  right.  The  salaries 
vary  according  to  the  "dassc"  of  the  professor.  At  Paris  the  low.est 
salary  is  6,000  francs  per  year,  and  the  highest,  9,500.  In  this  range 
seven  classes  are  represented;  six,  each  difl'ering  from  the  one  before  by 
500  francs,  and  the  hors  classe,  for  which  the  salary  is  9,500  francs. 
Promotion  from  one  class  to  another  takes  place  by  selection  and  by 
seniority.  From  the  sixth  (the  lowest  classe)  to  the  third,  the 
number  of  those  who  can  be  advanced  each  year  by  selection  is  equal 
to  the  number  which  can  be  advanced  by  seniority.  In  the  second 
and  lirst  classes  two  advancements  may  be  made  by  selection  to  one 
by  seniority.  Those  named  for  the  hors  classe  are  advanced  by 
selection  alone.  The  promotions  are  made  at  the  end  of  each  calen- 
dar year,  and  take  place  so  that  there  are  always  20  per  cent  of  them 
in  the  sixth  classe,  18  in  the  fifth,  IS  in  the  fourth,  16  in  the  third, 
14  in  the  second,  and  14  in  the  first.  Tliis  arrangement  is  ob- 
viously a  happy  one,  both  by  way  of  recognition  of  the  merits  of  the 
unusually  successful  teacher,  as  well  as  those  of  one  whose  service  is 
rather  characterized  by  faithfulness. 

In  addition  to  the  professeurs  titulaires  there  arc  professeurs 
charg6  de  cours,  who  are  usually  selected  from  those  who  have  been 
students  at  the  Ecole  Normale  and  those  admissible  to  the  agrdgation, 
who  fail  to  become  agr6g6s.  After  20  years  of  service  they  may 
become  professeurs  titulaires  and  receive  the  stdaries  we  have  indi- 
cated above.  The  Government  has,  however,  recently  passed  a  law 
which  gives  a  higher  reward  to  the  agr^'g^.  It  is  to  the  efleot  that 
500  francs  per  year  shall  be  adeied  to  the  regular  salary  of  every 
agr6g6.  The  real  range  of  stdaries  mentioned  above  is,  then,  6,500  to 
10,000  francs;  in  the  provinces  this  reduces  to  4,700  to  6,700.  For 
the  professeurs  charges  de  cours  the  salaries  at  Paris  vary  from  4,500 
to  6,000  francs;  in  the  provinces,  from  3,200  to  5,200.'  In  the  premier 
cycle  the  professors  have  12  hours  of  teaching  per  week,  in  the  second 
cycle  and  classe  de  math^matiques  sp6ciales,  14  to  15  hours.  Except 
for  correcting  exercises  and  filling  out  reports,  the  professors  have 
absolutely  no  obligations  outside  of  class  hours.  They  do  not  hve 
in  the  lyc^es.     The  superintendence  of  the  study  of  the  pupils  is 

"         '■--  ■     -  — ^         —  ■  -I.  0  I  ■■  .  ■ — 

>  The  tendency  of  recent  le^islAtlon  Is  to  exclude  £rom  the  ]yo6es  all  professors  who  are  not  agr^te. 
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carried  on  by  repetiteurs,  the  more  advanced  of  whom  receive  at 
Paris  2,600  to  4,600  francs  for  36  hours'  service  per  week. 

Attractions  connected  with  a  professorship  in  a  lycee  *  are  that 
the  remuneration  is  ample  to  hve  on  comfortably,  that  the  work  is 
not  onerous  and  often  quite  decidedly  inspiring,  that  colleagues  are 
brilliant  specialists  in  the  same  or  other  lines  of  study,  that  the 
professorships  are  positions  of  honor  and  prominence  in  the  commu- 
nity, and  that  the  incumbents  are  in  demand  in  many  ways  which 
frequently  materially  increase  their  regular  income.  In  general 
the  charge  of  the  classe  de  mathematiques  speciale,  enrolling  in  its 
membership  the  pick  of  the  French  youth  of  mathematical  bent, 
is  confided  only  to  a  professor  in  the  first  or  hors  classe,  but  to  tliis 
position  all  may  aspire. 

With  inducements  such  as  these  it  causes  no  surprise  to  learn  that 
France  draws  to  the  development  of  her  system  of  secondary  educa- 
tion much  of  the  best  mathematical  talent  in  the  country. 
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In  1913  GiTinanyor  tho  Genimn  Eiu])in'  was  third  anionf;  European 
c'ountiit>s  in  area  and  second  in  i)o])ulation,  beinj;  next  after  lliissia 
and  Aiistria-IIun<^ary  in  area,  and  second  only  to  Russia  in  population. 
Politically  the  Eni]>ire  is  eoni])ose(l  of  26  States  and  divisions:  The 
f(«m-  Kingdoms — Prussia.  Bavaria,  Saxony,  and  Wurtteniberj]^;  six 
Grand  Duchies,  the  largest  of  which  are  liadcn  and  M((klen])urg- 
Schwerin;  five  Duchies,  of  which  the  largest  is  that  of  Brunswick; 
seven  Principalities;  the  three  free  towns  of  Lubeck,  Bremen,  and 
Hamburg;  and  the  Imperial  Territory,  Alsac(>-Lorrainc,whi<ii  is  about 
the  same  size  as  tlu^  Granil  Duchy  of  Baiicn.  The  Kingdoms  end)race 
more  tha^i  four-fifths  the  area  of  the  Em])ire,  which  is  upward  of 
208,000  square  miles.  Prussia  alone  exceeds  three-fifths,  and  its 
population  of  approximately  40,000,000  people  is  but  little  less  than 
two-thirds  that  of  the  Empire. 

There  is  no  such  centralization  of  education  in  Gonuany  as  in 
France.  The  only  point  of  direct  contact  between  the  Empire  and 
education  lies  in — 

the  mutual  undertaking  of  the  federated  States  to  bring  the  law  of  compulsory  attend- 
ance to  bear  upcn  all  subjects  of  the  Empire  resident  mthin  their  respective  borders. 
Of  far  great<?r  moment  is  the  moral  influence  exerted  upon  the  other  States  by  the 
Prussian  hegemony,  in  virtue  of  which  the  Prussian  educational  system  comes  to  bo 
in  all  essential  characteristics  tj^pical  and  representative  of  Germany  as  a  whole. 

In  Prussia  the  highest  educational  authority  is  the  minister  of 
spiritual  and  educational  affairs,'  who  is  appointed  by  the  King. 
He  is  usually  a  jurist  by  profession  and  represents  his  department 
in  the  Prussian  Parliament. 

Hie  individual  obligatitms  are  numerous.  He  has  charge  of  the  financial  affairs  of 
his  own  department:  appwinta,  with  the  approval  of  the  Crown,  counselors  and  other 
officials;  confers  titles  up<jn  teachers,  ratifies  their  appointments,  and  makes  pmmo- 
tions,  except  when  this  right  haa  been  granted  to  other  authorities;  and  ho  is  the 
court  of  final  appeal  in  all  matters  connected  with  this  branch  of  government.* 

The  ministry  of  spiritual  and  educational  affairs  is  organized  into 
departments  of  ecclesiastical  affairs  and  education.  The  direction  of 
the  department  of  education  devolves  upon  under-secretaries,  who 
are  the  minister's  deputies,  associated  with  30  to  35  special  counsel- 
ors; 10  or  15  assistants  are  also  attached  to  the  department.     It 

'  Fonnerly  this  officer  was  minlrtcr  of  reliciou.s,  ediioational,  and  medicinal  affaini,  but  in  I'JU  the  depart- 
ment of  public  health  was  organized  as  a  separate  body.  The  demand  for  a  separate  ministry  of  education 
is  insistent. 

'J.  E.  Russell,  Oerman  Higher  Schools,  new  edition.  New  York,  1907,  p.  112.  I  have  been  more  thaa 
OBce  indebted  to  this  very  interesting  and  valuable  wotIl. 
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consists  of  two  main  divisions:  The  one  which  "has  charge  of  com- 
mon schools,  normal  schools,  high  schools  for  girls,  and  institutions 
for  the  education  of  defective  children";  the  other  which  exercises 
supervision  of  higher  education,  including  universities  ^  and  second- 
ary schools.  .  - 

The  immediate  administration  and  supervision  of  secondary  edu- 
cation in  each  of  the  13  Provinces  of  Prussia  is  delegated  to  a  pro- 
vincial school  board, ^  which  is  composed  of  four  or  five  counselors 
selected  by  the  minister  from  among  directors  of  training  colleges 
and  Gymnasien.  The  provincial  Ober-Prasident  is  chairman  of  the 
board  by  virtue  of  his  office. 

Among  other  duties  prescribed  for  the  board  are: 

The  establishment  of  regulations  for  conducting  final  examinations  (Maturitatsprii- 
fungen  or  Reifepriifungen)  and  revision  of  reports  of  the  same. 

Inspection,  revision,  and  direction  of  the  reports  of  those  higher  schools^  which 
admit  to  the  university. 

Appointment,  dismissal,  suspension,  and  discipHne  of  higher-school  teachers  (not 
directors). 

SECONDARY  SCHOOLS. 

The  official  classification  of  secondary  schools  in  Prussia  is  in  accor- 
dance with  the  curricula,  and  the  following  types  are  recognized:  I, 
Classical  schools:  (a)  Gymnasium,  with  nine  years'  course;  (b) 
Progymnasium,  with  six  years'  course.  II.  Modern  schools:  (a) 
With  Latin  but  without  Greek  (semiclassical) — (i)  Realg3rmnasium 
(nine  years'  course),  (ii)  Realprogymnasium  (six  years'  course);  (h) 
without  Latin  or  Greek  (nonclassical) — (i)  Oberrealschule  (nine 
years'  course),  (ii)  Realschule  (six  years'  course). 

The  three  leading  types  of  secondary  schools  are:  Gymnasium, 
Realgymnasium,  and  Oberrealschule.  The  following  are  the  names 
of  the  classes  and  their  abbreviated  forms: 


Lower  stage: 

Sexta VI 

Quinta V 

Quarta IV 

Intermediate  stage: 

Untertertia U  III  or  III  B 

Obertertia 0  III  or  III  A 

Untersekunda U  II  or  II  B 


Upper  stage: 

Obersekunda O  II  or  II  A. 

Unterprima U  I  or  I   B. 

Oberprima O  I  or  I  A. 


'In  Prussia  there  are  10  iiniversities,  namely,  those  at  Berlin,  Bonn,  Breslau,  Gottingen,  Greifswald, 
Halle,  Kiel,  Konigslierg,  Marbiirg,  and  Munster;  in  the  whole  Empire  there  are  21.  The  others  are  situ- 
ated in  the  Kingdom  of  Bavaria,  at  Erlangen,  Munich,  and  Wurzburg;  in  Saxony,  at  Leipzig;  in  Wurt- 
temberg,  at  Tubingen;  in  the  Gro,nd  Duchy  of  Baden,  at  Freiburg  and  Heidelberg;  in  the  Grand  Duchy 
of  Hesse,  at  Giessen;  in  the  Grand  Duchy  of  Meeklenburg-Schwerin,  at  Rostock;  in  the  Grand  Duchy  of 
Saxe- Weimar,  at  Jena;  and  at  Strassburg,  in  Alsace.  The  university  at  Frankfort,  Hesse,  was  opened  in 
the  autumn  of  1914. 

'  Provinzialschulkollegium. 

"In  Germany  secondary  schools  are  called  "higher"  schools  (higher  than  the  elementary  schools), 
and  institutions  of  university  rank  are  called  "high"  schools. 
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Tlio  schools  with  six-yoar  courses  lack  the  "upper  stage"  and  are 
usually  found  in  cities  unable  to  support  the  full  course.' 

Pupils  usually  enter  all  of  these  schools  at  the  minimum  age  of  9 
and  spend  one  year  in  each  class,  although  some,  requiring  more  time 
to  complete  the  work,  remain  longer.  To  enter  a  Gnnnasiura  the 
pupil  must  have  had  a  three  years'  preparatory  course  in  reading, 
writing,  arithmetic,  and  reUgion.  This  course  may  be  obtained  in 
the  elementary  public  or  private  schools,  or  in  the  special  Vorschulen 
connected  with  the  Gymnasium.  These  are  preferred  by  the  wealth- 
ier classes.' 

The  Gymnasium  is  a  classical  strongliold;  French  is  the  required 
modern  language,  Enghsh  being  an  optional  subject.  About  one- 
half  of  the  304  lesson  hours  in  a  week  '  of  the  course  in  the  G\tii- 
nasium  are  devoted  to  hnguistic  study.  Apart  from  cultural  devel- 
opment, the  course  is  intended  to  prepare  students  for  university 
specialization  in  either  arts  or  sciences. 

The  aim  of  the  Realg^^nnasium  is  "to  give  the  youth  a  Uberal  edu- 
cation founded  especially  on  instruction  in  the  modern  languages, 
mathematics,  and  the  natural  sciences."  Enghsh  takes  the  place  of 
Greek  in  the  Gvmnasium  program,  and  more  time  is  devoted  to 
French  and  natural  sciences. 

In  the  Realschule  and  OberrealschuJo  the  pupils  receive  broad 
preparation  for  business  careers.  With  this  end  in  view  the  study  of 
modern  languages  and  of  the  natural  sciences  is  emphasized. 

To  fonnulate  more  definitely  our  conceptions  of  Prussian  ideals  in 
standard  secondary  schools,  it  will  be  well  to  consider  the  program 
of  the  official  Loiirplan.  While  certain  optional  studies  are  offered, 
only  exceptional  students  attempt  them,  as  the  regular  work  is 
extremely  heavy.  From  IV  on,  in  all  of  the  schemes,  music  is  de- 
manded only  of  pupUs  with  real  ability.  The  bracketed  numbers  in 
two  of  the  tables  indicate  when  hours  may  be  differently  distributed. 

>  One  reason  for  the  sucress  of  the  six-year  schools  has  been  that  boys  who  graduate  from  them  are  granted 
them  ,  .  .  nly  one  year  In  the  army  and  of  entering  upon  the  Kireer  of  an  oiTloer 
incai  ion."  Another  reason  is  that  largo  business  hou-scs  and  hanks  fre- 
quently reiTuit  their  apprpnlioes  from  surh  graduates. 

>  In  the  publi)^  elementary  schools  (oifentliche  Vollcsschulen)  the  course  is  usually  laid  out  for  cif;ht  years, 
and  attendance  of  all  children  b  compulsory  from  the  ages  of  6  to  U,  unless  a  child  attends  some  other  school 
or  ref-eivci  pri\  •  n.  The  Volks^^ihulen  are  il'  '  '  '  train  good  citizcms,  while  the  Vor- 
schulen and  <;;■  't  instru'-tion  with  a  view  tu  men  of  education  and  culture.  The 
cleavage  between  \  in  1  •■'M.-'..r  -.i  hools"  has  been  inuc-brriticised,  as  it  is  "founded  wholly  upon 
d  basis  of  wealth.  ; :  auo  t-j.  •:-  Lj^  tenth  year  in  a  Volkss<  .'nile  where  tuition  is  free,  instead  of  a 
'  iymnasium  or  Realschule  where  a  tuition  fee  of  from  t30  to  fsO  is  charged,  finds  himseU,  as  a  rule,  per- 
manently entered  upon  a  career  In  which  university  attendance,  preparation  for  a  liberal  profession, or 
qualification  for  any  of  the  higher  governmental  positions  is  dednitely  prohibited."  (See  W.  S.  I>eamed, 
"  An  American  Teacher's  Year  hi  a  Pru-^'ian  Gymna'^ium."  A  Kepjrt  to  the  Carnegie  Foundation  for 
the  Advancement  of  Teaching.     Educational  Revieic.  191 1,  p.  .ViJ  ) 

*  A  lesson  hour  contains  about  47  minutes  Cksses  occur  on  fi  days  of  the  week,  and  the  school  year  lasts 
•bout  40  weeks 
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Gymnasium. 


Subjects. 

VI 

V 

IV 

UTII 

OIII 

un 

0  II 

UI 

OI 

Total 

REQUTKED. 

Religion 

3 
4 

8 

2 
3 
8 

2 
3 
8 

2 
2 
8 
6 
2 
2 
1 

3 
2 

2 
2 
8 
6 
2 
2 
1 

3 
2 

2 
3 

7 
6 
3 
2 

1 

4 
2 

2 
3 

r   7 

.      6 

3 

■      3 

[  \ 

2 
3 

[  I 

3 

-      3 

"      4 
.      2 

2 
3 

[  I 

3 

[..'. 

•      4 
.      2 

1Q 

German 

2fi 

Latin 

68 

Greek 

36 

French 

4 
2 
2 

4 
2 

20 

History 

17 

Geography 

2 

4 
2 
2 

2 

4 
2 
2 
2 
3 
2 

0 

Arithmetic,  algebra,  geometry,  said 
trigonomotrv    

34 

Natural  science 

IS 

Writing 

4 

Drawing 

2 
3 
2 

2 
3 
2 

2 
3 
2 

8 

Gymnastics 

3 
2 

3 
2 

3 
2 

3 
2 

3 
2 

27 

Music  

18 

30 

30 

34 

35 

35 

35 
2 

35 

2 
2 

2 

35 

2 
2 
2 

35 

2 
2 
2 

304 

Drawing 

Hebrew 

English 

Realgymnasium . 


Subjects. 


VI 


IV      UIII 


OIII 


un 


on 


U I      0  1    Total, 


REQUIRED. 

Religion 

German 

Latin 

French 

English 

History 

Geography 

Arithmetic,  algebra,  geometry,  and 

trigonometry 

Natural  science 

"Writing 

Drawing 

Gymnastics 

Singing 


ft 


2 
3 

4 
4 
3  i 

3  ; 


Total. 


30 


30 


34 


35 


35 


35 


OPTIONAL. 

Geometrical  drawing 


36 


36 


36 


19 
28 
49 
29 
18 
17 
11 

42 
29 
4 
16 
27 
18 


307 


Oberrealschule. 


Subjects. 

VI 

V 

rv 

UIII 

OIII 

UII 

on 

UI 

01 

Total. 

REQUIRED. 

Religion 

3 
5 
6 

2 
4 
6 

2 
4 
6 

2 
3 
6 
5 
2 
2 

6 
2 

2 
3 
6 
4 
2 
2 

5 

4 

2 
3 
5 
4 
2 
1' 

5 
6 

2 
4 
4 
4 
3 
1 

5 
6 

2 
4 
4 
4 
3 
1 

5 
6 

2 
4 
4 
4 
3 
1 

5 
b 

19 

German  

34 

French    

47 

English. 

25 

History 

3 
2 

6 
2 
2 
2 
3 
2 

18 

Geography 

2 

5 
2 
2 

2 

6 
2 
2 
2 
3 
2 

14 

Arithmetic,  algebra,  geometry,  and 
trigonometry 

47 

Natural  science 

30 

Writing 

6 

Freehand  drawing 

2 
3 
2 

2 
3 
2 

2 
3 
2 

2 
3 
2 

2 
3 
2 

2 
3 
2 

16 

OyrnnJVf!tic<! 

3 

2 

27 

Slneine 

18 

Total 

30 

30 

34 

35 

35 

35 
2 

36 
2 

36 
2 

36 
2 

307 

OPTIONAL. 

Geometrical  drawing 
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Percentage  of  time  »p*nl  on  difftrenit  subjects  in  tht  typical  schools. 
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Subjetis. 

Gymna- 
sium. 

Realgym- 
nasium. 

ObcrroaJ- 
schule. 

Bubjecta. 

Gymna- 
sium. 

Realgym- 
nasium. 

Oberreai- 

sohule. 

RaliKion       

i.2 

8.5 
34.3 
«.6 
5.6 
3.0 

6.2 
9.1 
16.0 
1.V3 
5.5 
3.6 

8.2 
U.l 

Mitt  hematics 

Sfiene-e     

11.  a 

6.0 
1.3 
2.6 
8.9 
5.9 

13.7 
0.4 
1.3 
5.3 
S.8 
5.9 

15  3 

Qvman 

11  8 

Andent  langii.i^M. . 

■Writing 

2.0 

Mcxiam  tanctiu;;es. . 

23.5 

5.S 
4.5 

Dniwinff 

5.2 

History 

G  vmnaslica 

Slneine 

8.8 

Geofiaphy 

6.8 

The  extent  to  which  these  different  tj-pe  schools  appeal  to  the 
Prussians  appears  from  the  foIlo^^'ing  statistics: 

Number  of  schooU  and  of  pupili. 


Classes  of  schools. 


Oysmasien. 

lUalcymnasien 

Oberraalschulcn. . . 

Propymnasien 

R4Balpro9vmna.sien 
RMlscbuleD 


Number  of  schools. 


Feb.  1, 
1909. 


336 

138 

85 

35 

45 

169 


Feb.  1, 
1912. 


342 
168 
102 
30 
44 
177 


Number  of  pupils. 


Feb.  1, 
1909. 


102,297 

41,202 

34,735 

4.497 

4,  S78 

33,350 


Feb.  1, 
1912. 


103,314 

50,319 

41,9S6 

3,787 

4,348 

32,421 


These  figures  show  that  for  the  throe-year  period  1909-1912  there 
was  httle  change  in  the  number  of  Gyinnasien  and  of  pupils  attend- 
ing them,  while  the  increase  in  this  respect  in  connection  with  Real- 
gymnasien  and  Oberrealschulon  was  very  striking.  Tliere  seems 
little  reason  to  doubt  that  these  schools  will  outniini])er  the  Gym- 
nasien  in  the  not  very  distant  future.  For  more  than  a  century  the 
Gymnasien  have  been  the  "'center  and  strength  of  tlie  German  school 
system;  and  while  scliools  of  different  nature  have  been  established 
with  a  view  to  modern  economic  needs,  popular  prejudice  is  so  strong 
that  only  graduates  of  the  G}nnnasien  are  regarded  as  cultured." 

In  1901  it  was  enact^-d  that  those  who  are  ''ripe,"  that  is,  those 
who  have  passed  the  Keifeprufungen  of  the  Gjnnnasien,  Realgym- 
nasien,  and  Oberrealschulon  should  be  admitted  to  practically  equal 
privileges,  with  respect  to  both  civil-servioo  preferment  and  university 
matriculation.  So  far  as  our  future  teacher  of  mathematics  is  con- 
cerned, he  may  have  entered  the  university  from  anyone  of  the  higher 
schools,  but  if  ho  had  any  teachers  of  Latin  and  Greek  in  the  second- 
ary schools  they  must  have  experienced  their  fundamental  training 
in  Gymnasien.  Tlie  Keifeprufung  also  gives  the  right  of  admission 
to  the  teclinical  Hochschulen,  to  the  careers  of  officer  in  the  army  and 
navy,  and,  ultimately,  to  Stat4>  examinations  at  the  end  of  a  uni- 
versity or  teehuiral  course.  Indeed,  it  is  almost  the  only  entrance 
"to  all  higher  positions  of  honor  and  trust  in  tlie  servire  of  the  State; 
and  social  recognition  m  which  it  is  held  is  correspondingly  high." 
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To  obtain  a  clearer  idea  of  the  early  mathematical  training  the 
future  teacher  has  received,  as  well  as  better  to  appreciate  the  rela- 
tion between  the  teacher's  work  and  his  professional  training,  let  us 
briefly  consider  the  mathematical  content  of  Prussia's  secondary- 
school  courses  as  well  as  the  nature  of  the  emphasis  in  their 
presentation. 

On  entering  Sexta  at  nine  years  of  age  the  boy  is  supposed  to 
have  the  abihty  to  add,  subtract,  multiply,  and  divide  simple  whole 
numbers.  The  general  scheme  of  the  programs  of  the  Realgynmasien 
and  Oberrealschulon  is  as  follows : 

VI  (four  or  five  hours,  weekly):  Arithmetic,  fundamental  operations  with  whole  num- 
bers; weights,  measures,  and  currency;  simple  tasks  in  decimal  fractions. 

V  (ionr  or  five  hoiu-s):  Arithmetic,  common  and  decimal  fractions;  rule  of  three. 
Geom£try,  propaedeutic,  "enough  to  get  the  pupils  looking  at  things  from  a 
geometric  point  of  view." 

IV  (foiu-  or  six  hours):  Arithmetic,  rule  of  three  problems  in  calculation  of  profit  and 
loss,  interest,  discount.  Geometry,  lines  and  angles;  theory  of  triangles  and 
quadrilaterals.     Algebra,  propaedeutic. 

U  III  (five  or  six  hoiu-s):  Arithmetic,  commercial.  Algebra,  reckoning  with  abstract 
quantities;  proportion;  equations  of  the  first  degree  with  one  unknown  quan- 
tity.    Geometry,  theory  of  quadrilaterals;  circle  and  area;  constructions. 

O  III  (five  hours):  Algebra,  theory  of  powers  and  roots;  equations  of  the  first  degree 
in  several  unknowns;  simple  equations  of  the  second  degree  in  one  unknown. 
Geometry,  proportion;  theory  of  similitude;  the  length  of  a  circumference. 

U  II  (five  hours):  Algebra,  logarithms;  equations  of  the  second  degree;  graphs.  Ele- 
ments of  trigonometry.  Elements  of  solid  geometry  of  plane  and  line;  mensura- 
tion; oblique  parallel  projection. 

O  II  (five  hoiu-s):  Algebra,  arithmetic  and  geometric  progressions;  compound  inter- 
est and  annuities;  imaginary  quantities;  reciprocal  and  binomial  equations, 
harder  quadratic  equations.  Geometry,  harmonic  ranges  and  pencils;  radical 
axes;  centers  of  similitude;  power,  poles,  and  polars  of  circles.  Systematic 
treatment  of  solid  geometry.     Conclusion  of  plane  trigonometry. 

0  I  (five  hours)  and  U  I  (five  hours):  Algebra,  permutations  and  combinations,  with 
applications  to  the  theory  of  probabilities;  binomial  theorem  for  any  exponent; 
the  most  important  series,  exponential,  logarithmic,  sine,  cosine,  and  arith- 
metic series  of  second  order;  cubic  equations;  maxima  and  minima.  Descrip- 
tive geometry.  Geometrical  conies.  Analytic  geometry,  conic  sections.  Spherical 
trigonometry,  with  applications  to  mathematical  geography  and  spherical 
astronomy. 

It  is  only  in  a  general  way  that  such  a  synopsis  as  the  above  con- 
veys a  definite  idea;  this  can  be  more  adequately  derived  from  con- 
sultmg  some  such  texts  as  those  of  Heis,  and  Koppe-Diekmann.^     The 

•  E.  Heis:  Sammlung  von  Beispiclen  und  Aufgahen  aus  der  allgemcinen  Arithmetik  iind  Algebra,  Koln, 
1837.  Over  300,00(3  copies  of  this  famous  book  have  been  sold;  the  one  hundred  and  eleventh  edition  was 
published  in  1912.  Koppe-Diekmann's  GcomcMe  zum  Gebrauche  an  hohcren  UntfTrichtsaiutalfen  (21. 
Auflage)  3  Toile.  Ausgabe  fiir  Reallehranstalten  5.  Auflage  der  neuen  Bearbeitung  von  J.  Diekmann. 
Essen,  1903.  There  is  probably  a  later  edition,  but  this  is  the  last  I  happen  to  have.  Plane  and  solid 
geometry,  plane  and  spherical  trigonometry,  geometrical  conies,  and  analytic  geometry  are  all  treated  in 
this  single  work. 

See  also  W.  Lletzmann,  Staff  und  Methode  der  RaumlehTeunterrichts  in  Deutschland  (IMUK,  Band  V, 
Heft  2),  Leipzig,  1912.    8+88  pp.;  B.  HofEmami,  Mathemalische  Himmclskunde  und  niedeu  Geoddsie  an  den 
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folloAnns  official  "Not^s  on  mothod"  are  also  instructive.' 

1.  lu  the  higher  schools  the  chief  object  of  the  mathematical  instruction  is  to  pro- 
vide such  a  training  of  the  intt'Iiect  as  will  enable  the  pupil  to  apply  corroctly  in 
independent  work  the  ideiu^  and  knowledge  which  he  has  g-ained.  Therefore  in  all 
the  various  divisions  of  this  branch  the  aim  nuist  be  to  secure  a  clear  comprehension 
of  the  propositions  to  be  developed  and  of  their  proof,  as  well  as  practice  and  skill 
in  their  application.  Accordingly,  the  t<>acher  of  mathematir.'*.  equally  with  the 
t*nicher  of  any  oilier  branch,  is  urgini  to  U8<.>  every  opportunity  to  foster  a  proper  use 
of  the  mother  tongue,  and  this  point  is  mc«t  particularly  to  be  remembered  in  the 
correction  of  written  work,  especially  of  more  independent  work  done  at  home,  which 
in  the  upper  classes  is  to  be  done,  as  a  rule,  every  four  weeks,  in  addition  to  the  usual 
class  exercises. 

2.  The  instruction  in  geometry  begins  with  a  preparatory  course,  which,  starting 
with  the  con.-'ideration  of  simple  bodies,  develops  the  power  of  observation  and  at 
the  same  time  gives  the  pupil  opportunities  for  gaining  practice  in  the  use  of  compasses 
and  ruler. 

3.  In  all  schools  the  moat  careful  attention  is  to  be  given  to  practice  in  problems 
of  construction,  and  this  practice  must  accompany  the  instruction  up  to  the  liighest 
classes;  but  any  problem  must  be  excluded  which  demands  for  its  solution  a  knowl- 
edge of  remote  principles  or  special  skill  in  execution.  By  moans  of  a  reasonable 
selection  of  exercises,  which  may  be  solved  by  common  methods  and  out  of  the  materi- 
als already  at  the  pupil's  command,  and  through  the  rloarness  of  his  instruction,  the 
teacher  nmst  awaken  in  his  pupils  a  feeling  of  independent  capacity  and  use  to  the 
full  the  formative  force  of  such  exercises. 

4.  The  omission  of  a  preparatory  course  in  trigonometry  and  solid  geometry  in 
IIb  of  the  Gymnasium  does  not  preclude  that,  when  these  branches  are  taken  up  at 
the  later  stages,  the  lirst  instruction  should  not  be  of  such  an  introductory  character. 
Trigonometrj'  is  to  be  treated  at  first  by  means  of  figures,  that  is,  geometrically;  and, 
in  order  to  reach  as  soon  as  possible  the  solution  of  triangles,  only  such  formula;  are 
to  be  practiced  as  are  absolutely  required  for  this  purpose.  Solid  geometry  is  to 
begin  with  the  consideration  of  simple  bodies  (e.  g.,  cubes  and  prisms),  and  a  more 
strictly  systematic  instruction  is  not  to  be  given  till  later.  In  modem  schools  such 
introductory  courses  in  trigonometry  and  solid  geometry  must  be  exclusively  and 
under  all  circumstances  followed.  Here,  as  in  the  earlier  stages,  models  and  mathe- 
matical wall  charts  will  prove  of  great  assistance  in  securing  proper  visualization 
and  thoroughness  of  instruction. 

5.  For  the  highest  class  of  the  Gymnasium  the  program  pre.'xribc'S  the  introduction 
of  the  pupils  to  the  important  theory  of  coordinates  and  the  simplest  presentation 
poesible  of  the  fundamental  proj)ertie8  of  conic  sections,  which  can  also  be  given 
synthetically.  But  it  is  not  intended  that  systematic  in.struction  in  analytical  or 
the  so-called  new  geometry  should  be  given.  Equally  little  do  the  formula*  neces- 
sary to  understand  mathematical  geography  and  astronomy  call  for  any  extended 
treatment  of  spherical  trigonometry.  They  may  be  simply  deduced  from  a  consider- 
ation of  the  properties  of  .'-•olid  angles.  Here,  too,  as  elsewhere,  care  nuist  be  taken 
that,  side  by  side  with  such  knowledge,  skill  in  its  application  is  acquired,  and  this 
point  of  view  must  determine  the  selection  and  the  extent  of  the  material  of  instruction. 

6.  The  defect  of  the  mathematical  instruction  in  the  upi>er  stage — viz,  .that  it  is 
too  exclusively  of  the  nature  of  calculation — will  be  best  remedied  by  pnutif-e  in 
geometrical  observation  and  construction.     In  solid  geometry  ^quite  apart  from  the 

kohrren  Sehulfn.  (IlfL'K,  Band  HI,  Heft  4),  Leipzig,  1912.  6+68  pp.:  and  P.  ZQhlVs,  Dtr  UnUrridU  im 
Lintarzeichmn  und  in  der  darittllendin  OeomrtrU  anden  dtuUchcn  Keaianstailen  (lift  K,  Band  ill,  Ilc-tt  3), 
Leipzig,  1»1L    2+92  pp. 

'  CrniToMaU  fur  die  guamtt  UnUrricliU-  V'ertcaltung  in  Preuttcn,  Juno-JuJy,  1901.  See  also  Special  R^ 
ports  OD  Educational  Subjects,  voL  0  (London,  1902;,  p.  20U. 
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question  of  descriptive  geometry)  it  is  specially  important  to  prepare  and  assist  the 
pupil  to  understand  the  principles  of  projective  drawing. 

7.  In  the  highest  class,  side  by  side  with  the  solution  of  problems  in  the  different 
branches  of  mathematics,  there  must  be  a  comprehensive  review  of  the  theories  and 
processes  already  learned.  An  opportunity  will  thereby  present  itself  of  giving  to 
the  pupils  a  fuller  understanding  of  the  theory  of  functions  with  which  they  have 
become  acquainted  at  a  previous  stage. 

8.  The  independent  position  which  mathematics  occupies  in  the  curriculum  of  the 
higher  schools  does  not  prevent — least  of  all  in  the  upper  stage — the  instruction  from 
gaining  in  value,  if  the  pupil  learns  how  the  results  of  this  science  may  be  applied 
to  other  branches  of  knowledge,  whether  they  be  those  of  everyday  life  or  physical 
science,  and  if  opportunity  be  given  for  the  development  of  his  mathematical  sense 
by  practice  in  application  in  these  directions.  Accordingly,  it  is  permissible  to 
to  make  a  more  extended  use  of  those  parts  of  physics  which  admit  of  mathematical 
treatment,  not  only  in  the  physics  lesson,  but  also  in  the  mathematical  instruction. 
In  the  Gymnasium,  it  is  true,  owing  to  the  small  number  of  hours  allotted  to  the 
branch,  such  practice  can  be  really  fruitful  only  if  the  instruction  in  physics  and  mathe- 
matics be  intrusted  to  one  and  the  same  teacher,  as  has  been  suggested  by  the  brackets 
of  the  time-table.  In  the  modern  schools,  owing  to  the  greater  number  of  hours 
there  is  not  an  equal  measure  of  necessity  for  this  combination. 

To  give  an  indication  of  the  relations  between  teacher  and  pupil 

I  quote  once  more  from  W.  S.  Learned's  most  interesting  report  (pp. 

354-355,365):^ 

The  fundamental  conception  of  the  teacher  is  that  of  one  who  inculcates  a  given 
body  of  knowledge  in  the  mind  of  a  preferably  passive  pupil.  The  ideal  teacher 
is  a  master  of  his  subject  and  an  expert  in  its  presentation;  the  ideal  pupil  is  one 
who  is  completely  receptive.  The  teacher  imparts  and  drills;  the  pupil  receives  and 
repeats.  With  this  in  view  nothing  is  omitted  that  will  assist  in  focusing  the  attention 
directly  on  the  teacher.  "Textbooks"  such  as  are  used  everywhere  in  America, 
with  introduction,  explanatory  notes,  tables,  charts,  diagrams,  etc.,  do  not  exist. 
Textbooks  in  Germany  are  literally  confined  to  the  "text"  or,  in  history,  to  the  barest 
outline  of  the  ground  to  be  covered,  while  all  supplementary  material,  such  as  bio- 
graphical and  explanatory  notes,  suggestions  on  hard  places,  the  flesh  and  blood  of 
historical  narrative,  etc.,  are  provided  by  the  teacher,  who  sets  all  forth  in  the  best 
style  at  his  cormnand  in  the  form  of  an  uninterrupted  lecture  from  which  the  pupils 
make  what  notes  they  wish.  For  all  of  this  they  are  held  directly  responsible  on 
the  following  day  in  an  exhaustive  oral  examination  which  forms  the  counterpart 
to  the  lecture,  the  two  exercises  dividing  the  time  about  equally.  *  *  *  Vol- 
untary questioning  on  the  part  of  the  pupil  was  in  my  experience  wholly  lacking. 
The  whole  spirit  of  the  instruction  is  against  it,  and  I  think  it  would  be  regarded  in 
most  classes  as  irrelevant  if  not  impertinent.  *  *  *  What  we  know  as  school 
loyalty  simply  doesn't  exist.  It  is  a  matter  of  keen  regret  on  the  part  of  many  a 
warm-hearted  director  and  master,  but  the  fact  remains  that  the  German  student  in 
both  university  and  school  regards  his  alma  mater  with  the  total  indifference  and 
apathy  which  he  naturally  feels  toward,  perhaps,  the  postal  system  put  at  his  disposal. 
This  is  varied  only  by  the  sense  of  freedom  and  relief  with  which  he  leaves  the  insti- 
tution which  in  his  mind  stands  for  strain,  struggle,  and  restriction,  without  the  coun- 
terbalancing notions  of  opportunity  and  sympathetic  inspiration. 

The  most  important  examinations  in  connection  with  the  second- 
ary schools  are  the  intermediate  examination  (Abschlusspriifmig)  at 
the  end  of  the  sixth  school  year,  and  the  leaving  exammation  (Ab- 

1  Some  aspects  of  a  Gymnasium  pupil's  activities  40  years  ago  were  given  by  Hugo  Miinsterberg  in 
"Scliool  Reform,"  Atlantic  Monthly,  May,  1900,  vol.  85,  p.  659f. 
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gangs prufuiig,  Abiturientenprilfuug.  Maturititsprufung,  or  Reife- 
prufuiigl  '  at  the  oiul  of  tho  uLuth  year.  This  latter  is  tho  first  real 
test  of  the  pupils  a])ihty,  and  we  have  already  seen  that  those  who 
meet  its  requirements  have  essentially  advanced  in  their  careers. 
All  secondary  schools  approved  by  the  minister  of  education  have 
the  right  of  holding  this  examination. 

The  examination  committee  consists  of  a  commissioner,  who  is 
usually  the  iiLspector  (Schulrat)  of  the  school  (appointed  by  the 
Provinzialschulkollegium),  the  director  of  the  Gymnasium,  Realgym- 
nasium,  or  Oberrealschule,  as  the  case  may  be,  and  the  teachers  of 
Oberprima. 

The  examinations  are  both  written  and  oral,  and  the  questions 
must  be  such  as  would  be  famiUar  to  those  in  Prima.  For  the 
Oberrealschule  the  written  examinations  are  in  (1)  a  German  essay; 
(2)  a  French  or  Engfish  essay;  (3)  a  translation  from  German  into 
Frencli  or  English;  (4)  four  problems  in  mathematics — one  each 
from  algebra,  plane  geometry,  solid  geometry,  trigonometry,  and  ana- 
lytic geometry,  and  (5)  one  problem  in  physics  or  chemistry.  The 
subjects  of  oral  examination  are  religion,  French,  English,  history, 
mathematics,  and  either  chemistry  or  physics. 

In  the  written  examinations  the  time  allowed  for  the  German  essay 
is  five  hours,  for  mathematics  five  hours,  for  French  or  EngUsh  three 
hours.  The  papers  in  each  subject  are  read  by  the  teachers  con- 
cerned, and  the  grades  "very  good,"  "good,"  "satisfactory," 
"barely  satisfactory,"  or  "unsatisfactory,"  assigned  according  to 
the  merits  of  tlie  papers. 

After  all  papers  are  examined  and  the  errors  noted,  the  com- 
mittee discusses  the  attainments  of  each  candidate  and  decides  wha 
should  or  should  not,  in  its  opinion,  be  admitted  to  the  oral  exam- 
ination. A  detailed  rep>ort  of  the  decisions  in  respect  to  the  standing 
of  all  pupils  is  then  made  to  the  SchulkoUegiura.  To  it  also  are 
submitted  copies  of  the  examination  papers  and  of  tho  answers 
handed  in  by  the  students.  These  are  finally  examined  by  the 
Schulrat,  who  approves  tho  decisions  or  makes  such  changes  as  he 
may  doom  wise.  Some  weeks  later  he  sets  a  date  for  the  oral  exam- 
ination. 

At  the  oral  examination  pupils  are  brought  in  groups  of  10  before 
a  disconcerting  array  of  30  or  40  critical  witnesses,  many  of  them 
garbed  in  frock  coats  and  white  gloves.  The  Schulrat  presides,  and 
others  present  include  a  representative  of  the  city  authorities  and 
the  whole  teacliing  staff  of  the  institution.  Tho  teachers  of  the 
subjects  of  the  examination  take  the  lead  in  tho  quizzing,  but  at 
any  point  the  Schulrat  may  also  interject  questions. 

'  In  this  conneotion  the  following  work  is  of  tnterest:  A.  Schaeffcr,  HOO  maihematvicKe  A  bUunerUm-A  uf- 
gtiben  mtt  7W  Lotungen  und  A  nieiiungen  zut  Lorung  aU  U ebttngMbueh  fur  Sekunda  und  Prima  toteie  turn 
ScnutunUrridU.    Zabern,  \.  Fuchs,  WIO.     lft+240  pp. 
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A  candidate  fails  to  pass  if  he  is  "unsatisfactory"  in  German  or 
in  both  modern  languages.  He  may  pass,  however,  even  though 
"unsatisfactory"  in  one  modern  language,  if  he  is  at  least. "good" 
in  the  other  or  in  German  or  in  mathematics.  If  "unsatisfactory" 
in  matliematics,  he  must  be  at  least  "good"  in  physics  or  chemistry. 
In  case  of  failure  the  last  year's  or  half  year's  work  must  be 
repeated. 

The  final  grades  are  based  not  only  upon  the  results  of  the  written 
and  oral  examinations,  but  also  upon  an  inspection  of  the  complete 
records  of  the  candidate's  work  during  Prima.  As  compared  with 
the  French  system  two  features  are  especially  striking:  (1)  The  large 
part  which  the  teacher  plays  in  the  Abiturient  examination;  (2)  the 
small  percentage  of  failures — in  1902  only  15  per  cent  in  the  Abitu- 
rient examination  as  against  55  per  cent  in  the  bachelier  examina- 
tion in  France.  That  the  difference  in  the  method  of  examinations 
contributes  largely  to  the  disparity  in  the  percentage  of  candidates 
who  pass  is  usually  conceded.  A  closer  study  of  the  comparative 
questions  involved  would  be  of  interest.  Of  course  the  yoimg 
Abiturienten  are  on  an  average  a  year  older  than  the  bacheliers. 
Their  scholastic  training  is  therefore  about  equivalent  to  that  of  a 
student  who  has  completed  his  junior  year  at  one  of  the  best  Ameri- 
can universities.  The  average  age  of  such  a  student  is  about  22. 
The  following  table  gives  the  percentage  of  Abiturienten  of  different 
ages  in  Prussia  in  1907-8. 


Gymnasiasten 

Realgymna=iasten 
Oberrealschiiler . . 


Percentage  of  students  aged — 


17 


4.9 
4.1 
3.6 


18 


26.6 
30.1 
26.4 


19 


30.2 
34.8 
34.4 


20 


21 
and  older. 


20.0 
18.6 
23.9 


18.4 
12.4 
11.8 


Examples  of  mathematical  questions  set  in  Reifeprufungen  in 
Wurttemberg  and  Hamburg  are  given  in  Appendbc  E. 

TRAINING  OF  SECONDARY-SCHOOL  TEACHERS. 

The  regulations  with  regard  to  the  scientific  training  of  teachers 
for  secondary  schools  in  Prussia  have  been  adopted  by  11  other 
States,^  and  there  is  no  great  divergence  in  the  methods  of  still 
other  States.  It  should  not  be  inferred,  however,  that  the  same 
method  of  preparation  implies  that  equal  standards  are  maintained. 
It  is  nevertheless  true  that  a  candidate  who  has  satisfied  the  require- 
ments of  Leipzig,  or  Karlsruhe,  or  Giessen,  or  Hostock,  or  Jena,  or 

•  Alsace-Lorraine,  Mecklenburg-Schwerin,  Oldenburg,  Brunswick,  Mecklenburg-Strolita,  Anhalt,  Saxe- 
Coburg-Gotha,  Waideck,  Lubeck,  Bremen,  and  Hamburg. 
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Brunswick,  or  of  Strnssbui'cj  has  equal  privileges  in  Prussia  witli  the 
caiKiulute  who  has  passed  the  corresiKMuiing  examinations  tliere,  just 
as  the  latter  has  etjual  privileges  with  the  former  in  Saxony,  or  Baden, 
or  Ilesse.  or  Mecklenhurg,  or  one  of  the  Thuringiau  States  '  or  Bruns- 
wick, or  Alsace-Lorraine,  or  in  States  which  have  no  examination 
commission.^ 

Because  of  its  predominating  inlhience,  a  description  in  some 
iletaiP  is  first  given  of  the  Prussian  system  of  training  secondary 
school  teachers;  then  follow  brief  sketches  of  the  corresponding 
organization  and,  when  possible,  mathematical  exaniination  ques- 
tions for  each  of  the  seven  other  States  with  a  population  of  not  less 
than  1,000,000,  namely:  Bavaria,  Saxony,  Wurttemberg,  Baden, 
.Us ace-Lorraine,  Hesse,  and  Hamburg. 

1.  PRLSSU. 

A  candidate  for  appointment  as  teacher  of  mathematics  in  one  of 
the  higher  schools  must  first  of  all  have  completed  the  full  course  of 
a  Gymnasium  or  Realgymnasium  or  Oberrealschule.  He  must  also 
have  studied  for  not  less  than  6  semesters  (the  average  is  nearer  8 
or  10)  at  one  or  more  of  the  German  universities,*  directing  liis 
attention  specially  to  those  subjects  in  which  he  is  later  to  be  ex- 
amined. 

The  examination  is  known  as  the  examination  pro  facultate  docendi 
or  the  Staatsexamen  and  is  conducted  by  a  royal  examination  com- 
mission (Konigliche  Wi.ssenschafthche  Priifungskommission)  which  is 
composed  for  the  most  part  of  university  professors  and  school- 
men; the  chairmanship  is  given  to  a  schoolman.  There  are  10  of 
these  examination  boards  in  Prussia,  one  in  each  of  the  university 
centers  mentioned  above.' 

'  The  Thuringian  Stat««  are:  SchwanburK-RudoLstadt,  SchwaiTburR-Sond*rshaus«n,  Reuss  a.  L., 
Reuss  j.  L.,  Saxe  Weimar,  Saxe  Meiningen,  .Saxe  Coburg-Ootha  and  Saxe  Altcnburg. 

•Pee  W.  Lorey,  StaaUprufung  und  praktuehf  Ausbildung  der  M alhevntikn ,  {).ice  90. 

>ln  this  conneciion  I  have  frequently  drawn  upon  the  official  regulations  of  J.  1  .  Urown's  work. 

*  It  is  only  in  exceptional  cases  that  a  candidate  may  spend  less  than  three  semesters  in  a  Prussian  uni- 
versity. For  c&ndidates  who  expect,  to  teach  mathematics,  physios,  and  chemistry,  regular  study  in  a 
Gennan  technical  school  (Technische  Hochschule)  is  reckoned  equal  to  study  in  a  Uerman  tuiiversiiy  to 
the  extent  of  three  semesters.  A  candidate  who  sfeks  a  teaching  certificate  in  French  or  English  and  has 
devoted  himself  to  linguistic  studies  along  with  scientiflc  pursuits  in  countries  where  these  languages  are 
spoken  may,  by  special  i«rmission,have  this  period  of  study  count  for  as  much  as  two  semesters  toward 
the  prescribed  period  of  university  work. 

» In  1910  the  number  of  members  in  the  examining  boards  varied  from  28  at  Konigsberg  to  45  at  Berlin. 
In  all  10  commissions  there  were  150  members.  Of  these,  37  were  examiners  in  mathematics,  21  in  physics. 
In  pure  mathematics  the  examiners  were  as  follows:  Konigshfrg—lityw  and  Schoenflies;  Berlin — Lumpe, 
Knoblauch,  and  Farber:  Crri/^voU— Engel  and  \'ahlen:  BrM/au— Rosanes,  Sturm,  Kneser,  and  Vogt; 
BaUe  a.  S, — Cantor,  Wanperin,  Gutzmer,  and  Eberhurd;  A'if/— Pochhammer,  lieffter,  and  Landst>«rg; 
Oottin^rtj— Klein,  Hilbert,  and  Landau;  3furw<«-— Killing,  v.  Mlllenthal,  and  Blankenburg:  Marfnirg— 
Hensel  and  Neumann;  Bonn— Study,  London,  and  HausdortT.  .\ll  of  these  are  professors  in  universities 
except  Lampe,or  the  Technische  Hochscbule;  Faiber,  professor  in  an  Oberrealschule;  and  N'ogl  and  Dlank- 
enborg,  professors  in  Gymnasien. 
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A  written  application  for  examination  must  be  sent  by  the  candi- 
date to  the  chairman  of  the  commission  in  the  district  where  the 
candidate  has  spent  the  last  and  at  least  one  earlier  semester  of  his 
university  course.  The  appUcation  must  specify  (1)  the  subjects 
and  the  grades  or  classes  '  for  which  the  candidate  expects  to  qualify 
to  teach;  (2)  the  field  in  which  the  candidate  wishes  to  receive  sub- 
jects for  the  two  home  essays  or  theses,  one  in  the  "general  exami- 
nation" and  one  in  the  "special-subject  examination." 

The  apphcation  must  be  accompanied  by — 

(a)  A  biographical  sketch  in  the  candidate's  own  handwriting, 
including  a  detailed  account  of  his  school  training  and  academic 
studies. 

-  (h)  The  originals  of  the  certificates  showing  that  the  candidate 
has  done  the  required  work  at  higher  school    and  university. 

(c)  A  statement  of  military  status. 

(d)  In  case  the  candidate  has  already  received  the  degree  of 
doctor  of  philosophy,  a  copy  of  the  doctor's  dissertation  and  of  the 
doctor's  diploma. 

The  examination  consists  of  two  parts  :^  The  general  examination 
and  the  special-subject  examination.  Both  of  these  are  divided  into 
written  and  oral  parts. 

The  general  examination  is  for  the  purpose  of  testing  whether  or 
not  the  canchdate  possesses  the  general  culture  demanded  of  all 
teachers  in  higher  schools.  Tlie  subjects  for  examination  are  phil- 
osophy, pedagogy,  German  literature,  and,  for  the  candidate  who 
belongs  to  the  Christian  church,  religion.  The  home  thesis  may  be 
on  any  one  of  these  subjects,  and  in  it  the  candidate  must  not  only 
manifest  adequate  information  and  inteUigent  judgment  concerning 
the  subject  treated,  but  also  show  liimself  capable  of  a  grammatically 
correct,  logically  arranged,  clear,  and  sufficiently  skillful  presenta- 
tion.    For  the  oral  examination  it  is  required  that  the  candidate 

(a)  shall  be  acquainted  with  the  most  important  facts  in  the  his- 
tory of  philosophy  and  with  the  principles  of  logic  and  psychology, 
and  shall  have  intelligently  road  an  important  philosophical  treatise; 

(b)  shall  be  familiar  with  pedagogy  in  respect  to  its  philosophical 
foundations  as  well  as  with  the  most  important  phenomena  in  their 
development  since  the  sixteenth  century,  and  shall  have  already 
attained  to  some  understanding  of  the  problems  of  his  future  calling ; 

(c)  shall  demonstrate  that  he  is  familiar  with  the  general  course  of 
development  of  German  literature  from  the  beginning  of  the  bloom- 
ing period  in  the  eighteenth  century,  and  that  since  leaving  school 

'  CertJflcation  in  individual  subjects  is  of  two  grades:  (o)  The  second  gitide  for  lower  and  iutermediat« 
stages  of  secondary  schools — that  is,  including  Untersekunda;  (6)  the  first  grade  for  the  upjier  stage — that 
is,  tacluding  aLso  the  classes  Obersekunda,  Unterprima,  and  Oberprima. 

'Exchisiveof  the  stamp  to  be  placed  on  the  certificate,  the  fees  amount  to  60  marks  ($14.28)  for  tbe 
entire  examination. 
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he  has  also  read  Nnth  iin(lc>rstandin}^  for  his  own  further  devoh^pment 
the  important  works  of  the  present  day;  (d)  shall  show  hinisolf 
acquainted  with  the  content  and  connection  of  the  Holy  Scriptures, 
with  a  i^eneral  survey  of  the  history  of  the  Clu-istian  churcli,  and  with 
the  principal  tkutrines  of  his  denomination.  The  general  examin- 
ation is  a  forniidahlo  ordeal,  and  as  each  examiner  is  usually  a  uni- 
versity professor  and  a  specialist  in  the  subject  the  candidate  fre- 
(juently  antiiipates  this  examination  with  greater  apj)reliension 
than  that  in  tlie  special  subjects  which  he  is  preparing  to  teach. 

The  special-subject  examination  is  to  test  the  acquaintance  of 
the  candidate  with  the  subjects  which  he  expects  to  teach.  The 
State  regulations  list  17  subjects,'  in  3  of  which,'  a  major  and  two 
minors,  the  candidate  must  qualify.  Ciioico  is  limited  in  several 
respects.  For  example,  when  pure  matiiematics  is  a  major,  physics 
must  be  a  minor;  and  applied  matiiematics  as  a  major  cf>n  bo  chosen 
only  in  connection  with  pure  matiiematics  as  a  minor.  Pure  and 
applied  mathematics  and  pliysics  are  frequently  chosen  together; 
chemistry  with  mineralog}',  or  botany  and  zoology,  or  geography 
are  also  elected  with  pure  mathematics  and  physics,  but  such  a 
third  subject  as  French  or  Enghsh  is  also  possible. 

To  pass  the  special-subject  examination  the  candidate  must 
fjualify  for  the  first  grade  in  at  least  one  of  the  subjects  and  in  two 
more  subjects  for  the  second  grade;  he  may  be  certified  to  instruct  in 
the  first  grade,  even  though  in  his  application  ho  intended  to  qualify 
only  for  the  second  grade. 

The  official  regulations  make  the  following  statements  with  regard 
to  the  requirements  of  the  special-subject  examination  in  pure 
mathematics,  applied  mathematics,  and  physics: 

Of  candidates  who  wish  to  qualify  to  teach  pure  mathematics  there  is  required: 
(a)  For  the  second  grade,  a  thorough  knowledge  of  elementary  mathematics,  famili- 
arity with  plane  analytic  ge<imetry,  especially  the  principal  properties  of  conies,  as 
well  as  with  the  fundamental  principles  of  differential  and  integral  calculus;  (b)  For 
the  fu^t  grade,  in  addition,  an  acquaintance  with  the  principles  of  higher  geometry, 
arithmetic,  and  algebra,  of  higher  analysis  and  analytic  mechanics  suHicient  to  enable 
the  candidate  to  work  out  a  fairly  difficult  problem  in  this  field  without  assistance. 

Of  candidates  who  wish  to  qualify  to  touch  applied  mathematics  there  is  required, 
in  addition  to  qualification  to  teach  pure  mathematics:  Knowledge  of  descriptive 
geometry,  including  the  principles  of  central  projection  and  corresponding  facility 
in  drawing;  acquaintance  with  the  mathematical  methods  of  technical  mechanics, 
especially  of  graphic  statics  with  elementary  geodesy  and  the  elements  of  higher 
geodesy,  in  addition  to  the  theory  of  adjustment  of  errors  in  observation. 

Of  ca'ididates  who  wash  to  qualify  to  teach  physics  there  is  required:  (a)  For  the  second 
grade,  knowledge  of  the  more  important  phenomena  and  laws  of  the  whole  field  of 

•  (1)  Clirlstlan  religion;  (2)  Introduction  to  philosopliy;  (3)  German;  («)  Latin;  (5)  Ore*k;  (6)  Hebrew; 
(7)  l-'ren  h;  (8)  English:  (9)  history;  (10)  Ke<.>grapliy;  (11)  pure  mathematics;  (12j  applie<l  mathenuitics; 
(13)  phy.ncs:  (14)  chemistry  with  mineralogy:  (15)  botany  with  loology:  MG)  Polish;  (17j  Danish. 

*▲  '.'andidate  Ls  not  pruliibited  tium  choosing  a  laif  er  number  oi  subjects. 
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this  science,  as  well  as  the  ability  to  prove  these  laws  mathematically  as  far  as  this  is 
possible  without  the  application  of  higher  mathematics;  acquaintance  with  the  most 
important  apparatus  required  for  school  instruction  and  practice  in  its  use;  (b)  for  the 
first  grade,  in  addition,  a  more  exact  knowledge  of  experimental  physics  and  its 
applications;  familiarity  with  the  fundamental  investigations  in  one  of  the  more 
important  fields  of  theoretical  physics,  and  a  general  survey  of  the  whole  field  of 
science. 

The  second  thesis  is  on  a  subject  for  which  the  candidate  seeks  a 
first  grade.  To  finish  this  thesis  as  well  as  that  of  the  general  exami- 
nation a  limit  of  16  weeks,  beginning  with  the  day  of  dehvery  of 
the  themes,  is  granted.  Under  certain  circumstances  the  exami- 
nation commission  may  extend  the  time  not  to  exceed  16  weeks 
more.  For  one  of  the  two  theses  a  dissertation  regarded  by  a 
Prussian  faculty  of  philosophy  as  satisfactory  for  the  degree  of  doctor 
of  philosophy  may  be  accepted  as  equivalent.  The  examination 
commission  may  require  a  candidate  to  stand  a  written  examina- 
tion on  any  subject  of  the  special-subject  examination.  The  time 
allowed  for  this  does  not  exceed  three  hours. 

The  oral  examinations  occur  after  the  written  examinations,  and 
after  the  theses  have  been  handed  in.  Upon  special  request  of  the 
candidate  the  chairman  of  the  commission  can  separate  the  oral 
examinations  of  the  general  and  special  subject  examinations  by  a 
period  not  to  exceed  three  months. 

After  the  oral  examinations  the  commission  determines  whether 
or  not  according  to  the  results  of  all  tests  the  certificate  is  to  be 
marked  "satisfactory,"  ''good,"  or  "excellent."  For  the  predicate 
''good"  or  "excellent"  the  candidate  must  have  qualified  for  the 
first  grade  in  at  least  two  subjects.  Tlie  certificate  is  now  much 
less  elaborate  than  formerly.  The  following  is  a  sample  of  a  certificate 
at  Mmister  in  1906: 

Herr  ,  son  of  ,  bom  the  of 

,    1882,    at    ,    and   of    confession,    graduated 

Easter,  1902,  at  the  Gymnasium  in  and  studied  mathematics  and 

natural  science  from  Easter,  1902,  to  Easter,  1903,  at  Munster,  in  the  summer  of  1903 
at  Gottingen,  and  from  the  spring  of  1903  to  the  spring  of  1905  at  Munster. 

On  the  basis  of  authorization,  dated  October  25,  1905,  to  be  admitted  to  the  exami- 
nation for  the  position  of  teacher  in  the  higher  schools,  he  received  the  following 
themes  for  theses: 

In  mathematics:  The  geodetic  representation  of  a  surface  on  a  plane.  In  philoso- 
phy: The  different  intrepretations  of  psychophysical  law. 

The  oral  examinations  took  place  in  the  period  from  November  20  to  December  4, 
1906. 

Herr took  the  examination  for  the  position  of  teacher  in  the 

higher  schools,  and  according  to  the  entire  result  of  written  and  oral  examination,  the 
certificate  is  marked  "Good";  he  is  qualified  to  teach  mathematics  as  well  as  botany 
and  zoology  in  the  first  grade;  physics  in  the  second  grade. 
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For  information  concerning  the  work  of  the  Seminarjahr,  you  are  referred  t<i  the  ordi- 
nance, dated  March  15,  1890,  for  the  practical  education  of  candidates  for  the  pasition 
as  teacher  in  higher  schools. 

Royal  Sctevtific  Ex.vmin.a.tiov  Commi.s.^ion. 
MuiMer,  December  4,  1906. 

(Signed) 


Cauer. 

Spicker. 

Kri.uNQ. 

Ko.VEN. 

liUSSE. 

ZoPP. 

Fell. 

Bkllowitz 

Geyser. 

Busz. 

Under  certain  conditions  examinations  covering  deficiencies  in  the 
first  examination  are  allowotl.  The  percentages  of  failures  in  the 
Staats-Examen  in  all  subjects  (there  are  no  special  statistics  for  mathe- 
matics) are  considerable.  For  the  year  1908,  these  varied  from  20 
per  cent  at  Gottingen  to  47  per  cent  at  Munster.  To  most  of  the 
mathematical  candidates  wlio  passed  the  predicate  "Satisfactory" 


was  assigned. 


The  following  exact  statistics  may  be  of  interest: 
Results  of  the  Staats-Examen. 


Universities. 

Satisfac- 
tory. 

Good. 

Excel- 
lent. 

Berlin      .             .          

28 
17 

3 
18 

9 
10 

4 

7 
23 
13 

« 
8 
2 
14 
0 
5 
2 
4 
0 
6 

5 

Bonn  

0 

Bre^lau                         '. 

0 

Crnttin?en                                                      .         

2 

Grellswaiil 

0 

Halle  

1 

Kiel                   

0 

Koniesberc 

2 

Marburg       

0 

llunster                          

0 

Total                        .     . .                      

138 
70.7 

47 
24.1 

10 

Per  cent ..•...•.•.••....•.•...•.... 

5.2 

Of  all  dissertations  pro^sented  in  1908,  34.9  per  cent  were  not  ac- 
cepted. Less  than  one-half  of  the  Prussian  teachers  have  taken  the 
trouble  to  secure  the  doctor's  degree ,  which  they  look  upon  as  a 
somewhat  unnecessary  luxury.  For  many  years  no  written  exam- 
ination was  required  of  candidate*  with  a  miiversity  degree. 

Anyone  who  has  the  above-montioned  certificate  can,  within  the 
six  following  years,  take  an  additional  examination,  either  to  qualify 
for  instruction  in  niwv  subjects  or  to  (^xt<ind  the  certification  already 
granted,  in  order  to  raise  the  final  standard  of  the  certificate,  provided 
he  is  recommended  for  admission  to  such  examination  by  the  Pro- 
vinzialschulkollegium  under  which  he  has  been  working  or  is  appointed 
to  work. 

Tlie  examination  pro  facultate  docendi  was  first  established  in  1810, 
and  by  1826  Prussia  had  introduced  a  plan  requiring  all  candidates 
who  had  completed  this  examination  to  spend  a  probationary  year 
(Probejahr)  as  trial  teacher  (candidatus  probandiis)  in  soma  ap- 
proved school.     In  time  it  became  apparent  that  tlie  Probejahr  did 
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not  adequately  meet  desired  requirements,  that  something  should 
be  done  to  shut  out  undesirable  candidates  and  to  elevate  the  stand- 
ard of  professional  attainments.  These  considerations  and  peda- 
gogical experiments  made  by  Ziller  at  Leipzig,  Stoy  at  Jena,  and 
especially  by  Frick  at  Halle,  led  to  a  decree  in  1890,  establishing  a 
Seminarjahr  in  which  the  candidates  are  to  be  "made  familiar  with 
the  theory  of  education  and  instruction  in  its  application  to  the 
secondary  schools  and  with  the  methods  of  the  mdividual  subjects 
of  instruction ;  they  are  also  to  be  introduced  to  the  practical  work 
of  the  teacher  and  educator."  The  Probejahr  now  serves  primarily 
as  a  test  of  the  teaching  skill  won  during  the  Seminarjahr.  The 
following  descriptions  of  the  two  years  of  practical  training  of  candi- 
dates in  Seminarjahr  and  Probejahr  are  based  upon  the  revised  regu- 
lations of  1908: 

Seminarjahr. — Application  is  made  to  the  Provinzialschulkollegiiun  in  whose  dis- 
trict the  candidate  wishes  to  pass  the  Seminarjahr.  The  application  must  be  accom- 
panied by:  (a)  The  certificate  of  having  passed  the  Staatsexamen;  (6)  a  certificate 
from  an  official  physician  attesting  that  the  candidate  has  the  necessary  health  and 
the  physical  qualifications  for  the  profession  of  a  teacher;  (c)  a  statement  setting  forth 
the  ability  of  the  candidate  to  support  himself  during  the  period  of  practical  training; 
(d)  a  statement  of  military  status. 

Seminarien  are  organized  in  connection  with  various  higher  schools,  and  the  Pro- 
vinzialschulkollegium  assigns  the  candidates  to  schools  at  Easter  and  in  the  autumn. 
Not  more  than  six  candidates  may  be  assigned  in  a  given  year  to  any  one  seminar  and 
in  their  distribution  the  teaching  subjects  of  the  candidates,  as  well  as  the  specialties 
of  the  different  Seminarien,  are  taken  into  consideration. 

The  director  and  the  teachers  of  a  Seminar  are  named  by  the 
Provinzialschulkollegium  from  among  the  staff  of  the  higher  school 
where  the  Seminar  is  located.  The  systematic  training  and  practice 
of  the  candidates  is  carried  out  in  accord  with  the  following  regula- 
tions : 

For  the  instruction  of  the  candidates  weekly  sessions  of  at  least  two  hours  each  are 
to  be  held  during  the  whole  year  (vacation  time  excepted)  under  leadership  of  the 
director  or  one  of  the  teachers  named;  to  these  sessions  the  other  teachers  are  to  be 
admitted  also.  In  these  meetings  the  academic  form  of  lectiues  is  to  be  omitted  as  far 
as  possible;  on  the  other  hand,  emphasis  should  be  laid  on  discussion  and  instruction 
concerning  the  requirements  of  practical  school  life.  The  following  subjects  in  par- 
ticular must  be  treated: 

Principles  of  training  and  instruction,  together  with  their  applications  to  the  general 
problems  of  the  secondary  schools,  and  with  special  reference  to  the  conduct  of  the 
subject  in  which  the  candidate  is  preparing  to  teach. 

Historical  survey  of  the  evolution  of  secondary  schools,  including  an  account  of  the 
leaders  in  pedagogy  and  also  including  comments  on  the  most  important  present-day 
situations  in  the  educational  world. 

The  constitution  and  organization  of  secondary  schools,  the  official  course  of  study 
and  regulations  regarding  examinations,  the  rules  regarding  student  credentials  and 
promotion. 

Principles  of  school  discipline  illustrated  so  far  as  possible  by  current  examples,  and 
by  discussions  of  examples  of  a  concrete  type  which  have  come  up  in  the  school  at 
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other  timee,  rules  of  conduct  for  studeny,  diBcuaedonB  of  the  relation  between  school 
and  home. 

School  hysriene  with  special  reference  to  equipment  of  the  claflsroom  and  to  the 
conduct  of  the  class  work. 

Supervisory  authorities,  rules,  and  regulations  goveruing  the  official  relations  of 
the  teacher  and  claas  masters  (Ordinarien  '),  including  the  forma  of  official  communi- 
cations and  reports. 

Provision  is  sdso  made  for  (1)  visile  to  classes  by  the  candidate;  (2)  supervision  of 
the  preparations  for  inatriiction  made  in  the  subject  which  the  candidate  is  himself 
to  teach,  and  of  the  methods  of  correcting  and  handing  back  the  work  of  pupils;  and 
(3)  discussion  of  the  personal  or  other  aspects  of  the  trial  teaching  of  candidates. 

In  the  same  section  of  the  regulations  we  find  that — 

according  to  the  requirementa  of  the  chairman,  the  candidate  must  deliver  shhrt 
reports  on  subjerta  lyinj,'  within  his  field;  he  must  also  give  lectures  in  which  special 
emphaaifl  should  be  laid  on  the  training  of  the  candidate  in  fluent  speaking. 

Minutes  of  each  Seminar  meeting  must  be  prepared  by  one  of  the 
candidates.  These  are  kept  as  formal  record  of  the  work  done  at 
the  conference.  Parts  of  these  minutes,  as  well  as  of  the  topics 
given  to  the  candidates  for  their  reports  and  their  theses,  to  be  re- 
ferred to  presently,  are  exchanged  between  Seminarien  for  the  mutual 
stimulation  of  teachers  and  directors. 

Practice  teaching  begins  as  soon  as  the  candidate  feels  somewhat 
at  home  in  the  institution.     The  regulations  state: 

In  these  lessons  the  teaching  topics,  which  at  first  are  limited  in  time  and  importance 
have  to  be  gradually  extended  according  to  the  ability  of  the  candidates,  so  that  they 
may  have  the  opf)ortunity  to  test  their  own  power  and  to  be  trained  in  independent 
instruction.     For  these  leesfjns  the  candidates  must  outline  the  subject  matter,  and, 

as  long  as  the  supervising  teacher  thinks  it  necessary,  they  must  perpare  a  lesson  plan. 

♦    »    « 

About  once  a  month  the  candidates  must  teach  lesf*  tns  at  which,  as  a  rule,  in  addition 
to  the  director,  the  regular  teacher  of  that  subject  and  the  other  candidates  must  be 
present.  These  lessons  are  to  be  discussed  in  the  general  meetings  with  reference 
to  their  plan  and  development  (as  noted  above);  in  this  discussion  attention  must  be 
drawn  to  mistakes  which  the  candidates  have  made  in  their  preparation,  in  the 
pedagogical  treatment  of  the  pupils,  and  in  their  own  attitude  before  the  class.     •    »    ♦ 

The  candidates  must  also  take  part  in  the  direction  of  play  hours,  and,  when  neces- 
sary, also  of  work  hours,  as  well  as  in  the  physical  exercises  of  the  pupils  and  in  8cho<jl 
excursions. 

As  far  as  the  local  sr  hool  conditions  permit,  candidates  should  sometimes  be  given 
opportunity  to  attend  lessons  in  the  Seminarien  of  elementary  teachers  and  in  different 
kinds  of  elementary  schools.     •    ♦    ♦ 

>  Esch  of  th«  ntne  dmsaas  of  s  higher  sebool  has  a  class  mast«r  or  Ordinarfus,  who  Is  a  regular  teacher  chosen 
by  the  director  to  act  as  hisrepresentatjye.  "The  class  master  is  expected  to  be  a  teacher,  (uide,  and  friend 
of  hjy  class.  All  other  teachers  report  to  him,  and  the  class  record  is  his  special  care.  Pupils  must  first 
seek  his  advice  before  going  to  the  director;  he  becomes  personally  acquainted  with  the  parents  of  his  boys; 
he  studies  the  condition  of  their  home  life  and  their  conduct  out  of  school;  he  has  charge  of  the  trial  teachers 
who  may  be  assigned  to  the  class,  and  sees  to  it  that  no  harm  comes  from  their  teaching;  and  in  all  faculty 
conferencAS  he  acts  as  spokesman  for  his  class.  I'rom  the  reports  of  other  teachers  he  knows  Just  what 
each  boy  is  doing,  and  is  prepared  to  talk  intelligently  with  teacher  or  boy,  as  the  case  may  be.  Thus, 
he  is  responsible  for  the  industry,  progress,  and  mor&ls  of  his  charges. '^ 
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About  two  months  before  the  end  of  the  Seminarjahr  every  candidate  must  hand  in 
a  thesis  on  a  topic  assigned  to  him  by  the  director.  These  theses,  in  the  choice  oftopics 
for  which  the  reasonable  wishes  of  the  candidates  should  be  considered,  are,  as  a  rule, 
80  constructed  that  they  include  theoretical  considerations  and  practical  applications. 
They  should  not  involve  the  treatment  of  an  elaborate  literary  subject,  but  they  should 
give  the  candidate  tlie  opportunity  to  work  out  a  literary  subject  within  his  field 
and  to  connect  it  with  Ms  own  observations  and  experiences.  Even  if  the  candidate 
has  had  a  very  extensive  teaching  experience,  exemption  from  this  final  thesis  is  not 
granted. 

The  titles  of  some  recent  theses  at  the  Seminar  connected  with  the 
Realgymnasium  at  Remscheicl  are  as  follows: 

On  instruction  in  plane  geometry  for  beginners. 
Introduction  to  algebra  based  upon  simple  equations  in  Untertia. 
The  discussion  of  trigonometry  in  Untersekunda. 

Differential  and  integral  calculus  in  the  mathematical  instruction  of  the  Real- 
Bchulen. 

At  the  Seminar  connected  with  the  Khnger-Oberrealschule  in 
Frankfort  on  the  Main  the  themes  assigned  included  the  following: 

1901.  Tlu-ee  lessons  in  Unterprima  of  the  Oberrealschule  forming  an  introduction 
to  synthetic  geometry  of  conies. 

1902.  The  area  of  the  circle.     Three  lessons  in  Obertertia. 

1903.  The  reflection  of  light,  discussed  in  four  lessons  in  Untersekunda  of  an 
Oberrealschule. 

1905.  The  circle  and  proportion.  Four  lessons  in  Obertertia — pole  and  polar  with 
respect  to  a  circle  and  other  conies.    Four  lessons  in  Unterprima  of  an  Oberrealschule. 

1907.  The  triangle  in  geometry  for  beginners  (Quinta).  The  complete  quadri- 
lateral and  quadrangle  in  Unterprima.  The  principle  of  duality,  three  lessons. 
Three  lessons  on  maxima  and  minima. 

1910.  Discussion  of  the  regula  falsi  and  Newton's  method  for  approximate  solutions 
of  an  equation.     Three  lessons. 

At  least  three  weeks  before  the  end  of  the  Seminarjahr  the  director 
must  present  to  the  Provinzialschulkollegium  a  detailed  character- 
ization of  each  candidate  on  the  basis  of  personal  observation  made 
during  his  training.     This  characterization  treats  of — 

the  conduct  and  activity  of  the  candidate  during  the  Seminarjalir,  of  his  ambition, 
his  capacity  for  scientific  work,  his  ability  to  teach  and  the  stage  reached  in  his  prac- 
tical training;  it  further  covers  his  state  of  health,  his  financial  position,  his  social 
attitude,  and  his  behavior  toward  liis  colleagues,  so  that  the  supervising  authorities 
may  be  acquainted  with  special  talents  as  well  as  with  striking  shortcomings  in  the 
candidate's  conduct,  ambitions,  and  attainments.  The  thesis  with  the  criticism  of 
the  director  or  the  teacher  in  charge  '  and  the  application  for  admission  to  the  Probe- 
jahr,  must  accompany  the  characterization. 

If  it  is  the  unanimous  opinion  of  the  Provinzialschulkollegium  that 
the  candidate  appears  unfit  for  the  teaching  profession,  the  candidate 
is  informed  that  he  can  not  be  admitted  to  the  Probe jahr. 

In  1909  there  were  125  Seminarien  throughout  Germany.  Of 
these  the  49  in  Prussia  with  a  capacity  of  approximately  300  candi- 

>  The  predicates  "satisfactory,"  "good,"  and  "excellent"  are  employed  in  this  connection. 
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dates  were  of  two  types:  (1)  The  12State  institutions  under  the  direc- 
tion of  the  Provinzialschulkollegien;  (2)  the  much  more  numerous 
chiss  of  institutions  connected  with  lending;  Gymnasien,  Real- 
gvmnasien.  and  OberrealschuJen,  and  each  under  tlie  control  of  the 
diivctor  and  some  associates  in  the  school.' 

There  are  many  who  consider  that  the  Seminar  system  of  Sax©- 
Weimar  is  founded  on  sounder  basis  than  is  that  of  Prussia.  In  this 
Duchy  the  candidate  is  reciuired  to  attend  lectures  on  general  peda- 
gogy at  the  University  of  Jena,  to  teach  at  least  two  hours  per  week 
in  the  university  practice  school,  and  to  carry  on  the  work  of  the 
Seminarjahr  and  Probejahrin  the  city  Gymnasium  where  the  higher- 
school  practice  teaching  is  done.^  In  this  waj-  prospective  secondary- 
school  teachers  can  avail  themselves  of  more  scientific  and  critical 
treatment  of  training  than  is  possible  on  the  part  of  a  busy  director 
and  his  staff. 

In  the  summer  semester  of  1909  and  the  winter  semester  of  1909-10 
the  following  courses  were  given  at  the  University  of  Jena:  Ele- 
ments of  empirical  psychology  (2  hours  a  week  during  a  semester); 
applied  psychology  (2  hours);  attention  (1  hour);  general  didactics 
(2  hours);  pedagogic  seminary  (3  hours  a  week  during  a  year);  psy- 
chology (2  hours  a  week  during  a  semester) ;  neurological  diagnosis 
^^■ith  practical  exercises  (1  hour);  discovery  and  treatment  of  mental 
weakness  in  youth,  for  physicians  and  teachers;  principal  problems 
of  ethics  and  jurisprudence  (2  hours);  Herbart  (2  hours);  special 
didactics  (3  hours). 

There  are  other  university  Seminarien  at  Leipzig  and  Giessen,  but 
while  most  of  the  universities  give  courses  which  are  especially 
valuable  for  the  professional  training  of  teachers,  some  universities 
are  hostile  to  closer  relations.  The  Universities  of  Munich  and  Wurz- 
burg  are  of  the  opinion  that  "pedagogy  as  an  isolated  science  is  able 
to*  produce  no  creative,  scientific  work;"  that  "the  university  has 
for  its  purpose  the  advancement  of  the  scientific  and  purely  cultural 
training  of  students;"  that  "the  union  of  practice  schools  with  the 
universities  should  be  opposed  not  only  by  considerations  of  prin- 
ciple, but  bj'  great  practical  difliculties  as  regards  the  personnel  of 
teachers,  the  number  of  pupils,  and  local  relations." 

The  following  courses  were  offered  at  the  University  of  Berhn^  in 

the  summer  semester  of  1909: 

General  psychology  (2  semester  hours);  theoretical  and  experimental  exerciaea  in 
psychological  institute  (3  hours);  the  eoul  of  primeval  races  (3  hours);  exercises  in 
race  psychology  (1^  hours);  pedagogic  theories  from  Plato  to  Rousseau  (2  hours); 

'  The  beet  book  on  tbe  subject  of  th*  f^ymnasial  Seminar  seems  to  be  Pa*  padogoQUche  Seminar,  by  Dr. 
Kftrl  Nefl,  of  kunich  ( Beck,  1908).  It  15  the  result  of  11  jv&n'  experience  since  Bavaria  adopted  the  Pnia- 
sian  system  in  1897. 

>  In  his  work  on  Training  of  Teacher,  J  7.  Brown  ^^K  (pp.  92-107),  "  Rei^ulatioos  for  the  pedafgicaJ 
seminar  of  the  university  and  its  practice  school  at  Jena." 

•a.  Rep.  U.  S.  CoBimiss.  of  Educ,  1912-13,  toL  1,  Washington,  1914,  pp.  823-34. 
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scientific  pedagogic  exercises  (1  hour).  In  the  winter  semester:  Psychology  with 
demonstrations  (4  hours);  lectures,  and  experimental  and  theoretical  exercises,  in 
psychological  institute  (10  hours);  general  psychology  (2  hours);  the  psychological 
foundations  of  education  (1  hour);  ethics  (2  hours);  Kant's  ethics  (1  hour);  problems 
of  modern  culture  (2  hours);  the  theory  of  instruction  (2  hours);  scientific  pedagogic 
exercises  (2  houre);  discussion  of  experimental  pedagogy  in  connection  with  lectures 
(1  hour). 

ProhejaJir. — The  Probejahr  gives  opportunity  for  consecutive 
teaching  under  continual  inspection  and  criticism  in  an  institution 
which  is  usually  different  from  that  in  which  the  Seminar]  ahr  is 
spent.  The  cancUdate  is  intrusted,  according  to  his  quahfications, 
witli  larger  connected  teaching  problems  and  8  to  10  hours  a  week 
of  actual  class  work.  The  candidate  is  also  obliged  to  exercise  super- 
vision, to  attend  teachers'  conferences,  to  assist  the  director  in 
making  out  reports  and  checking  lists,  and  otherwise  to  identify 
himself  with  the  hfe  of  the  school.  For  this  heavy  burden  of  work 
no  compensation  is  given.  In  exceptional  cases  the  Provinzial- 
schulkollegium  may  employ  the  probandus  as  a  scientific  assistant, 
for  substitute  teaching  or  for  additional  work.^  In  this  case  the 
candidate  receives  remuneration;  he  also  receives  the  right  to  vote 
in  teachers'  conferences  on  all  questions  which  concern  the  classes 
he  conducts. 

The  director  must  watch  the  conduct  and  activity  of  the  candidate,  visit  him  from 
time  to  time  in  his  lessons,  and  draw  his  attention  to  accidental  mistakes  and,  if 
necessary,  warn  him  seriously  by  indicating  the  consequences  of  disregarding  this 
advice. 

The  teacher  in  charge  of  the  training  of  the  candidate  is  obliged  to  attend  the  candi- 
date's lesson  very  often  in  the  beginning,  later  at  least  twice  a  month;  to  examine  the 
papers  wliich  he  has  corrected;  and  to  advise  him  concerning  matters  outside  of 
instruction. 

The  candidate  should  learn  to  use  critically  Reidt's  Anleitung  zum 
mathematischen  Unterricht,  Simon's  DidaJctik,  and  Hofler's  recent 
Havdhuch  des  mathematischen  Unterrichts;  similarly  with  the  hand- 
books and  encyclopedias  of  Killing-Hovestadt,  Thieme-Farber, 
Schwering,  and  Weber-WeUstein.^  The  candidate  should  also  work 
through  F.  Klein's  Vorlesungen  iiber  Elementarmathematik  vom 
hoheren  Standpunkte  aus.^  The  study  of  the  history  of  mathematics 
is  also  speciaUy  recommended  to  the  candidate  if  he  has  already 
carried  on  some  historical  study  in  mathematics. 

>  In  such  cases  the  amount  of  class  teaching  may  be  as  much  as  20  to  34  hours  a  week. 

»  W.  Killing  und  H.  Hovestadt,  Handbuch  des  muthematischen  Unterrichts.  Leipzig,  Teubner,  1910-1913. 
2  vols.,  4.56+482  pp. 

H.  Thieme  und  C.  Fiirber,  Orundlehren  der  Mathematik.     Leipzig,  Teubner,  1909-1912.     l  vols. 

K.  Schwermg,  Handfmch  der  Elementar  mathematik  fiir  Lehrer.     Leipzig,  Teubner,  1907.     416  pp. 

H.Weber  und  J.  Wellstein,  Emyktopdiie  der  Elemetar- Mathematik.  Leipzig,  Teubner,  1909-1912.  4  vols.; 
550+608+548+681  pp. 

'  A  sketch  of  the  teaching,  in  German  universities,  of  elementary  mathematics  from  higher  stand- 
points, is  given  in  Lorey's  Das  Studium  der  Mathematik  an  dert  deutschen  Universitdten,  pp.  263-271. 
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As  evidencp  of  the  amount  of  pedagogical  insight  obtained,  the 
candidate  must  present  to  the  director  toward  the  end  of  the  Probe- 
jahr  a  report  concerning  his  owti  work  as  teacher. 

At  leiust  three  weeks  before  the  close  of  the  year  the  director 
reports  concerning  the  candidate  to  the  Provinzialschulkoliegium. 
The  nature  of  the  report  is  similar  to  that  described  ai)ove  in  con- 
nection with  the  duties  of  the  director  of  a  Seminar.  On  the  basis 
of  these  reports,  of  the  observations  of  the  district  advisers  (Schulrate) 
and  of  the  result  of  the  two  years  of  practical  training,  the  KoLIegium 
soon  decides  whether  or  not  the  candidate  pos.sesses  Anstellungs- 
fdhigl-cii  or  qualitication  to  have  his  name  inscribed  on  the  list  of 
teaciicrs  eligil)le  to  appointment  in  the  higher  schools. 

If  there  is  doubt  as  to  the  candidate's  qualifications,  the  Probejahr 
is  prolonged  six  months.  In  any  case  a  cert  ideate  concerning  the 
teaching  ability  of  a  candidate  can  never  be  granted  if — 

in  tlie  meantimp  it  has  beon  proved  that  the  candidate  either  through  physical  defects 
or  through  unavoidable  pedagogic  defects  is  unable  to  fulfill  his  duties  as  a  teacher 
or  educLitor  of  youth,  or  if  the  candidate  on  account  of  his  conduct  within  or  with- 
out the  sc'hixil  appears  unfit  for  the  teaching  profession. 

It  ran'ly  happens  that  a  candidate  fails  of  certification  at  the  end 
of  the  ProbL'jahr,  since  his  defects  are  almost  sure  to  be  brought  to 
light  in  the  SiMninarjahr  which  is  extended  for  a  year  or  half  year 
at  another  seminar  when  any  doubt  exists  as  to  his  qualifications  for 
the  Probejalir. 

Teachers  m  all  secondary  schools,  whether  under  State,  city,  or 
other  patronage  must  be  selected  from  the  provincial  list.  But 
while  State  institutions  are  required  to  select  their  teachers  with  the 
rit'sired  qualifications  in  order  of  seniority  on  the  list,  other  schools 
arc  free  to  select,  regardless  of  order,  from  the  six  highest  on  the  list. 
In  recent  years  the  appointment  of  teachers  to  positions  has  followed, 
very  soon  after  their  names  have  been  placed  on  the  official  list. 
For  interesting  details  regarding  appointment  and  promotion  of 
teachers,  the  reader  may  consult  J.  E.  Russell's  work  (pp.  370-381), 
written  about  18  years  ago.' 

To  make  more  apparent  the  opportunities  of  the  future  teacher 
for  studying  mathematics  at  the  university  it  may  be  well  to  con- 
sider details  concerning  specific  cases.  .Vs  even  in  (Jermany  the 
very  large  number  of  courses  in  pure  and  applied  mathematics  which 
are  offered  each  year  at  the  Universitj'  t)f  Gottingen  are  quite  excep- 
tional,^ the  fe»Uowing  illustrations  are  cited:  (a)  The  courses  ofTered 

'  .\n  interesting  discussion  of  the  preparation  of  tooohrrs  in  Prussia  is  contained  in  W.  Killing's  "  Bcmcr- 
kuntn^n  uher  die  .Aushildung  dcr  GymnasiaJletirer,"  Jahrrtberieht  iir  druixhen  Mathematiker-  Vcreinigung, 
Band  22.  1913.  pp.  20-34. 

-  For  an  account  of  mathematics  at  Oottingea,  see  Lorey's  Da*  Studium  der  MaHumatit  an  den 
deutschtn  Unirrrtitaten,  pp.  347-329. 
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at  the  University  of  Berlin  during  the  summer  semester  of  1914; 
(&)  the  actual  list  of  courses  of  study  (with  the  exception  of  those  in 
botany,  zoology,  and  philosophy)  which  an  Oberlehrer  took  at  the 
University  of  Bonn  in  preparation  for  his  present  position.*  He 
spent  the  fourth  semester  of  univei-sity  study  at  Berlin,  where  he 
heard  lectures  on  the  theory  of  numbers  by  Frobenius  and  on  alge- 
braic equations  by  J.  Schur. 

(a)  Derivation  of  the  most  important  properties  of  conic  sections 
by  means  of  elementary  geometry  (2  hours  a  week)  by  Schwarz; 
analytic  geometry  (4  hours),  Schottky;  differential  calculus  (4 
hom-s),  Knopp;  integral  calculus  (4  hours),  Kjioblauch;  theory  of 
determinants  (4  hours),  Frobenius;  theory  of  infinite  series,  infinite 
products,  and  continued  fractions  (4  hours),  Knopp;  introduction 
to  the  theory  of  ordinary  differential  equations  (2  hours),  Hettner; 
space  curves  and  curved  surfaces  (4  hours),  Schwarz;  analytic  me- 
chanics (4  hours),  Lehmann-Filhes;  applications  of  elliptic  functions 
(4  hours),  Knoblauch;  calculus  of  variations  (4  hours),  Schwarz; 
theory  of  theta  functions  (4  hours),  Schottky;  exercises  in  differ- 
ential calculus  (2  hours  fortnightly),  Knopp;  exercises  in  differential 
and  integral  calculus  (1  hour),  Knoblauch;  exercises  in  mechanics 
(1  hour),  Lehmann-Filhes;  mathematical  colloquium  for  advanced 
students  (2  hours  fortnightly),  Schwarz;  mathematical  seminary 
(2  hours),  Schwarz,  Frobenius,  Schottky  (each  professor  directed 
the  seminary  once  in  three  weeks). 

(b)  1.  Semester  (1906):  Differential  calculus  with  exercises,  Kowa- 
lewski;  descriptive  geometry  with  exercises  in  drawing,  London; 
experimental  physics  (electricity  and  optics),  Kayser.  2.  Semester 
(1906-7):  Laboratory  physics  for  beginners,  Kayser;  experimental 
physics  (mechanics,  heat,  acoustics),  Kayser;  integral  calculus  with 
exercises,  Kowalowski;  elements  of  analytic  geometry  with  exercises, 
London;  mtroduction  to  algebra,  Sclmiidt;  theory  of  determinants, 
Schmidt.  3.  Semester  (1907):  Laboratory  physics  for  beginners, 
Kayser;  experimental  physics  (repeated),  Kayser;  physical  units 
and  constants,  Kaufmann.  5.  Semester  (1908):  Selected  chapters 
in  analytic  geometry,  London;  foimdations  and  history  of  higher 
analysis,  Kowalewski;  readings  and  reviews  of  selected  writings  of 
Leibnitz  and  Newton,  Kowalewski;  mathematical  seminary.  6. 
Semester  (1908-9):  Fourier  series  and  applications,  Kowalewski; 
foundations  of  the  theory  of  aggregates,  Kowalewski;  theory  of 
electricity  with  exercises,  Pfliiger;  mathematical  seminary.  7, 
Semester  (1909):  Differential  geometry,  study;  differential  equations, 
Kowalewski;  theory  of  Ught,  with  exercises,  Pfliiger;  elements  of  the 
theory  of  elections,  Bucherer;  mathematical  seminary.  8.  Semester 
(1909-10):  S^mthetic  geometry  with  exercises,  London;  introduction 

'  W  Lorey,  Dai  Studium,  etc.,  pp.  343-43. 
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to  theory  of  functions,  KownK'Wski;  mechanics,  Pfluger;  pliysics 
colloquiiun,  Kayser;  applied  theory  of  physics,  Evershciin;  mathe- 
matical seminaiy.  9.  Semester  (1910):  Analytic  geometr}',  second 
part  (repetition^,  London;  fomichitions  of  geometry,  llessenberg; 
mathematical  seminary. 

In  the  tenth  semester  this  candidate  passed  the  Oberleiirer- 
prufmig  and  was  certified  as  having  scientific  knowledge  recjiiisite 
for  teachiiig  mathematics,  plu-sics,  botany,  and  zoohjgy  in  tlic  (ii-st 
grade.  The  combination  of  botany  and  zoology  witli  mathematics 
and  ph\-sics  appears  to  be  very  common  at  Bonn  as  well  as  at  other 
miivorsities. 

2.  BAVARIA. 

The  method  of  training  teachers  for  higher  schools  in  Bavaria 
differs  considerably  from  that  in  Prussia.  In  what  follows  there  is 
given  a  description  of  (I)  the  training  based  upon  regulations  in 
force  from  1895  to  1912;  (II)  the  training  required  by  decree  of 
September  4.  1912. 

I.  The  training  consists  of  (a)  an  examination  (Lehramtspriifung) 
and  (6)  a  so-called  Seminarjahr.  The  Leliramtsprufung  is  cUvided 
into  two  sections,  the  first  at  the  end  of  four  semesters  of  study  in  a 
university  or  technical  school,  and  the  second  after  eight  semesters 
at  a  university  or  technical  school. 

In  the  first  section  of  the  examination  the  candidate  is  liable  for  ex- 
amination in  the  following  subjects:  (1)  Algebraic  analysis  and  algebra, 
including  equations  of  the  third  and  fourtii  degree;  (2)  plane  and 
soUd  geometry;  (3)  plane  and  spherical  trigonometry;  (4)  elements 
of  differential  and  integral  calculus;  (5)  analytic  and  synthetic 
geometry  of  conies;  (6)  elements  of  descriptive  geometry.  About 
four  hours  are  allowed  for  the  examination  in  each  of  these  subjects. 
Then  five  hours  are  set  aside  for  (7)  a  German  essay  on  a  theme  the 
treatment  of  which  displays  the  general  culture  of  the  candidate. 
For  each  candidate  the  oral  examination,  lasting  an  hour,  covers  the 
subjects  of  the  written  examination  and  the  foundations  of  physics. 
The  foUowing  questions  were  set  in  1908:' 

Algebraic  analysit  (2  hours). — Prove  that  the  seriea 


cos  <t>  ,  cos  2<^    coe  3<i>  . 

>       41      "r* 


*  '     II     '     2!      ■     8! 

converges  for  all  valuea  of  <t>;  calculate  the  sum  of  this  seriea  and  expros.«<  the  sum    in 
real  form. 

Algebra  (1}  hours). — For  what  values  of  X  does  the  equation  x'— 5x'+2x=X  have  the 
property  that  the  difference  of  two  roots  is  equal  to  3?  Determine  the  corresponding 
8j-3tem  of  solutions  of  the  equation  and  express  the  linear  relation  between  X  and  x. 

>  The  current  queations  are  to  be  found  In  Bay.  ZeiUekr.  /.  Rtaltchuiu<ten  or  Bl&tter  /.  d.  GymnatiaU 
$thultceten.  Questions  set  for  many  years  have  been  collected  In  Prifungtaufgabm /.  d.  Lehramt  drr  il^h. 
undPkyi.a.d.  Egl.bayT.hum.u.Uciin.  UnUTTichUanstalUn(.tS7S-16$S).    Ansbacb.C.  BrOgelu.  Sohn,  1894. 
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Plane  geometry  (2  hours). — Any  three  points  A'',  B',  C\  are  taken  on  the  sides  BC, 
CA,  AB,  respectively,  of  a  triangle  ABC.     Prove  that- 

(1)  the  circles  circumscribed  about  the  triangles  A'B'C,    B''C''A,    C''A'B  meet 
in  a  point; 

(2)  the  centers  of  these  circumscribed  circles  are  the  vertices  of  a  triangle  similar 
to  the  triangle  ABC. 

Solid  geometry  (1|  hours). — On  an  equilateral  triangle  the  radius  of  whose  circum- 
scribed circle,  r,  is  given,  a  right  pyramid  of  height  h  is  constructed.  From  the 
middle  point  of  the  circumscribed  circle  of  the  base  perpendiculars  are  dropped  on 
the  faces  of  the  pyramid  and  through  each  pair  of  perpendiculars  planes  are  drawn. 
Find  the  common  area  and  volume  of  any  one  of  the  resulting  pyramids  and  the 
original  pyramid. 

Plane  trigonometry  (2  hours). — In  a  triangle  ABC  there  is  given  AB=c=80,  the 
length  of  the  line  segment  CC^=t=50  (where  C  is  the  middle  of  the  side  A  B),  and  the 
difference  of  the  angles  A  and  B  or  a— /3=5=9°  49^.8.  Find  the  other  two  sides  (first 
in  general  terms  and  then  numerically). 

Spherical  trigonometry  (2  hours). — At  a  place  whose  latitude  is  4>=48°  8',  and  at 
3  o'clock  in  the  afternoon  on  the  longest  day  (declination  of  the  sun  5=e=23°  27^)  it 
is  desired  to  find  the  approximate  cardinal  points  of  the  compass  from  the  position  of 
the  sun,  and  accordingly  it  is  supposed  that  the  sun  is  in  the  southwest.  How  great 
is  the  error  of  this  orientation? 

At  what  hour  of  the  day  would  this  orientation  error,  due  to  interchange  of 
azimuth  and  hour  angle,  be  a  maximum  on  that  day  and  at  that  place? 

Differential  calculus  (If  hours). — If  u=f(v)  and  v=<^(x,y,z),  find  the  derivative 

and  express  them  as  derivatives  of  f  and  v>. 

Integral  calculus  (2  hours), — Prove  by  partial  differentiation  that 

Analytic  geometry  of  conies  (2  hours). — A  fixed  tangent  a  of  a  parabola  meets  the 

tangent  at  a  variable  point  P  in  T.     The  line  segment  PT  is  divided  at  Q  so  that 

PQ 

Typ=X.     Show  that — 

(1)  the  locus  of  Q  is  a  parabola  tangent  to  the  given  parabola  at  the  point  A 
where  a  is  tangent  to  the  curve; 

(2)  the  loci  of  Q  corresponding  to  different  positions  of  a  are  congruent. 
Synthetic  geometry  of  conies  (IJ  hours). — In  a  plane  two  lines  g,,  g,  and  two  points 

P  and  Q  are  given.     Determine  that  line  through  P  such  that  the  part  cut  off  by  gi 
and  g2  is  seen  from  Q  under  a  right  angle. 

Elements  of  descriptive  geometry  (4  hours). — A  plane  (s,,  t,)  is  given  by  its  traces, 
also  a  point  A  by  its  projections  A,,  k^.  A  circle  through  A  which  touches  the  first 
trace  Sj  and  has  at  A  a  tangent  parallel  to  Sj  is  projected  orthogonally  on  the  plane 
(si,  t^).     Draw— 

(a)  the  projection  plan; 

(b)  the  true  form  of  this  projection; 

(c)  the  cylinder  employed  in  the  projection;  and 

(d)  its  development  (Abwicklung)  so  far  as  it  is  bounded  by  the  plane  .(Sj,  tg)  and 
the  circle-plane. 

The  conditions  to  be  satisfied  before  admission  of  a  candidate  to 

the  second  section  of  the  Lehramtspriifung  are:    (a)  He  shall  have 

studied  at  a  university  or  teclmical  school  for  at  least  "four  years,  of 
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which  seven  seJnosters  have  beoii  dovotod  to  tho  study  of  mathi«iiuit- 
ics  and  physics;  (6)  he  shall  have  taken  courses  in  laboratory 
physics  and  theory  or  history  of  I>odagogy,  and  two  courses  in  tiio 
second  section  of  tho  philosophical  faculty,  especially  one  in  inor- 
ganic chemistry;  (c)  he  shall  have  completed  a  scientific  thesis  in 
tho  field  of  pure  or  applied  mathematics  or  piiysics. 
The  titles  of  some  theses  in  recent  years  are  as  follows: 

On  the  radii  of  curvature  '  of  the  C,,  their  envelope  and  pedal  curve  with  respect 
to  the  center. 

Envelope  of  the  planes  which  cut  off  from  a  Lrirectangular  trihedral  angle  a  tetra- 
hedron of  constant  area. 

To  exhibit  three  coplomar  concurrent  raya  as  the  central  projection  of  three  rays 
concurrent  in  space. 

Discussion  of  Rosenhain's  threefold  periodic  functions  with  tho  aid  of  W'eier- 
elross's  "p"  and  '"a"  functions. 

Glisseltes  of  points  of  curves  tangent  to  a  given  line  in  a  fixed  point. 

On  space  W-curves  and  W-surfaces. 

On  the  geometric  foundations  of  function  theory  based  upon  hyperbolic  measure- 
ment. 

On  Laguerre's  contact  transformations. 

Groups  of  substitutions  which  may  be  analytically  exhibited  as  functions  of  the 
form  az". 

The  employment  of  elliptic  functions  for  the  theory  of  the  point  systems  of  a  gen- 
eral curve  of  the  third  degree. 

Presentation  of  the  methods  of  solution  of  the  equation  of  the  fifth  degree  in  their 
liistorical  development. 

The  oral  examination  consists  of  questions  on  the  thesis,  and  on 
analysis,  geometry,  analytic  mechanics,  and  physics.  In  particular 
such  subjects  as  foundations  of  geometry,  theory  of  functions,  dif- 
ferential equations,  differential  geometry  of  plane  and  space  may  be 
discussed.  In  conducting  the  examination  the  special  line  of  study 
of  the  candidate  is  taken  into  account.  Furthermore,  emphasis  is 
laid  on  maturity  in  connection  with  subjects  of  the  first  examination. 
In  mathematics,  especially  careful  consideration  is  bestowed  on 
those  topics  whose  mastery  tends  to  a  truer  miderstanding  of  sub- 
jects taught  in  secondary  schools.  In  physics  the  canditlate's  facihty 
in  experimentation  is  tested.  Theory  and  history  of  pedagog}'  are 
also  sul)jects  for  examination.  The  whole  examination  lasts  two 
hours. 

Both  parts  of  the  Lehramtspriifung  are  held  in  Munich  before  an 
examination  commission  of  the  royal  State  ministry. 

The  examination  regulations  contain  yet  another  requirement. 
The  candidate  has  to  give  a  trial  U>sson  (Leiirprobe)  on  an  assigned 
theme  in  one  of  tho  middle  schools  of  Munich  before  tho  assembled 
examination  board.  This  test  of  teaching  ability,  for  which  a  special 
predicate  is  a.ssigned,  is  very  peculiar  in  that  tho  candidate  is  tested 

*  I  have  so  tnioslated  A'rur7imun^*jrAn#/i  (p.  73  o(  Wieleitncr's  report  on  liavaria). 
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in  something  concernuig  which  he  has  never  been  taught.  At  best 
it  can  only  tend  to  indicate  his  natural  ability.  On  the  other  hand  a 
naturally  good  instructor  may  be  confused  by  the  large  audience  and 
the  fact  that  he  is  not  acquainted  with  any  of  his  pupils.  Neverthe- 
less, every  candidate  who  satisfactorily  passes  the  Lehramtspriifung 
and  the  Lehrprobe  test  is  declared  competent  to  teach  all  subjects  in 
secondary  school  mathematics. 

Following  the  example  set  by  P*russia,  certain  Seminarien  for  the 
training  of  teachers  in  ancient  classics  were  established  in  1893. 
It  was  not,  however,  till  the  spring  of  1904  that  two  mathematical 
Seminarien  came  into  being  at  the  Theresiengymnasium  and  at  the 
Realgymnasium  in  Mmiich.  By  1906  two  others  had  been  estab- 
hshed:  One  at  the  Realgymnasium  in  Augsburg  and  the  other  at 
the  Realgymnasiurn  in  Wurzburg,  but  up  to  June,  1912,  these  four 
institutions  were  the  only  establishments  of  their  kind  in  Bavaria. 
Since  none  of  these  Seminarien  could  train  more  than  6  or  8  can- 
didates annually,  while  40  to  50  were  coming  from  the  universities, 
training  in  a  Seminar  was  not  required  for  the  candidate  in  mathematics. 
With  the  new  regulations  of  1912  the  Seminar]  ahr  became  compulsory. 

In  the  mathematical  Seminar  there  are  two  special  teachers  (Semi- 
narlehrer,  one  mainly  in  mathematics,  the  other  in  physics)  in 
addition  to  two  members  of  the  regular  staff  who  are  Seminarleiter, 
or  teachers  who  conduct  the  training.  Of  the  four  teachers  only  two 
are  specialists  in  mathematics  and  physics. 

Candidates  enter  the  Seminar  at  the  end  of  November;  in  the  first 
weeks  they  observe  the  instruction  of  their  Seminarlehrer  and  of 
the  other  teachers  in  the  institution  and  after  that  give  trial  lessons 
(Probelektionen)  at  first  for  half  an  hour  and  later  for  the  full  hour. 
On  these  occasions  the  other  candidates  and  the  Seminarlehrer  are 
always  present.  At  the  special  Seminar  meetings,  which  usually 
take  place  twice  a  week,  the  candidates  must  report  concerning  all 
classes  which  they  have  attended  either  as  instructor  or  observer. 
At  these  meetings  the  "  Praktikanten "  hear  discussions  of  a  peda- 
gogic-didactic nature  and  give  lectures  on  general  pedagogic  questions 
or  on  methods  of  treating  certain  parts  of  mathematics  and  physics. 
The  trial  lessons  of  the  Praktikanten  are  here  criticised  and  every 
lecture  is  followed  by  general  discussion.  At  the  meetings  the 
Seminarleiter  and  Seminarlehrer  also  give  lectures  on  general  ques- 
tions, on  duties  as  a  teacher  and  to  society,  and  on  special  topics  of 
didactics  and  method.  The  number  of  lectures  which  each  candi- 
date gives  varies  from  two  to  six.  Themes  employed  for  such 
lectures  are  as  follows:  Herbart's  views  on  mathematical  instruction; 
Klein's  endeavors  for  reform;  quadrature  of  the  circle  in  instruc- 
tion ;  mathematical  instruction  in  France ;  hygiene  in  the  schoolroom ; 
the  handling  of  lying  in  the  school;  the  best  texts  in  different  sub- 
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jects ;  liow  is  rost  in  connoctioii  with  iiistniotion  best  taken  ?  the 
slido  rule;  suicide  of  pupils;'  reviow  of  now  books;  methods  of  con- 
struction according  to  Adlor,  Potorsen,  and  Ak^xundroff;  and  siniihir 
themes  in  physics. 

Minutes  of  nil  Seminar  meetings  must  be  kept  by  the  candi(hites 
in  turn.  In  this  way  each  one  lias  to  prej>are  eight  to  ten  s^^ts  of 
minutes.  Before  May  1  each  one  must  also  hand  in  a  hirger  peda- 
gogic thesis  of  which  the  theme  was  assigned  the  preceding  January 
in  consultation  with  the  Seminarleiter  and  Seminarlehrer.  The 
theses  are  discu.ssed  in  Seminar  meetings  and  written  judgments  are 
passed  upon  them.  A  selection  of  subjects  (in  so  far  as  they  are 
not  in  pure  physics)  assigned  at  the  four  Seminarion  is  as  follows: 

Of  what  sigTiificanco  for  instruction  in  mathpmatirs  and  physics  are  tlie  six  "in- 
terests" of  Horbart?  Appreciation  of  the  attack  of  Ellen  Key,  Forel,  and  other 
moderns  leveled  a^jainst  the  traditional  methods  of  instruction.  Comparison  of  the 
lipht  and  dark  sides  of  the  system  of  specialist  teachers  and  of  class  teachers.  Self- 
criticism  aa  one  of  the  most  necessarj'  conditions  of  progress  in  succes-sful  instruction. 
Relation  between  pupil  and  teacher  both  within  and  without  the  Fchool.  The  ques- 
tion of  overworking  and  the  humanistic  Gymnasium  of  the  day.  What  place  should 
art  occupy  in  a  scheme  of  instruction?  Comparative  consideration  of  programs  in 
mathematics  and  physics  at  various  German  in.-^titutions.  Mental  arithmetic.  Teach- 
ing of  fractions  by  question  and  answer.  Graphic  methods  in  the  instruction  of 
arithmetic  and  algebra  as  well  aa  of  trigonometry.  How  is  the  idea  of  a  function  to 
be  developed  according  to  the  program  of  the  Bavarian  Oberrealschule?  In  the 
interests  of  concentration  in  mathematical  instruction  in  the  upper  classes,  how 
can  the  study  of  physics  or  natural  science  be  promoted?  (To  be  discussed  on  the 
basis  of  the  program  of  Bavarian  secondary  schools.)  Uowcan  the  interest  of  a  pupil 
be  aroused  to  recognize  mathematical  manifestations  in  daily  life?  The  German 
Museum-  and  the  humanistic  Gymnasium.  Introduction  to  the  similarity  of  figures. 
Theory  of  equality  of  areas  and  transformation  of  areas.  Weights  and  mciisures  in 
arithmetic  instruction. 

At  the  close  of  the  Seminar  course  the  authorities  notify  the 
ministry  of  approved  candidates  who  in  duo  course  receive  Befahi- 
gungszeugnisse  as  teachers.  Tliore  is  no  Probejahr  as  in  Pi-ussia; 
and  it  is  also  to  bo  observed  that  the  Seminarien  of  Bavaria,  organized 
for  the  most  part  to  train  in  a  special  subject,  are,  in  this  respect, 
different  from  those  in  Prassia. 

At  the  University  of  Munich  in  the  summer  semester  of  1909  the 
following  courses  wore  offered:  Psychology,  with  special  reference  to 
pedagogic  questions  involved  (4  hours  a  week);  psychology  (4  hours); 
psychological  exorcises  (2^  hours);  art  and  race  psychology  (2  hours); 
anthropological  psychology  (4  hours);  introduction  to  ethical  prob- 
lems (2  hours) ;  introduction  to  problems  of  sociology  (3  hours) ;  his- 

>  This  Is  a  serious  mattw  In  Germany.  That  it  Is  largely  due  to  overwork  seems  to  be  established  by  tha 
appalling  condition  of  recruits  for  the  army  and  navy  from  secondary  schools  of  I*russia.  More  than 
one-third  of  the  students  are  found  physically  unfit  (sec  Rep.  V.  S.  Commls.  of  Ednc,  1909-10,  vol.  1,  Wash- 
ington, 1910,  pp.  482-3). 

'  I*resumably  the  deutsches  Museum  von  Mcislerwirken  dcr  Nalurwisscnschaft  und  Tcchnik,  In  Munich, 
of  which  the  comer  stone  was  laid  in  1900. 
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tory  of  pedagogic  theories  (4  hours).  In  the  winter  semester, 
1909-10:  General  psychology  (5  horn's);  psychology  seminary  (1^ 
hours);  psychological  exercises  (H  hours) ;  psychology  of  Aristotle  (1 
hour);  fundamental  problems  of  ethics  (4  hours). 

In  Bavaria,  university  "vacation  courses"  for  those  who  are 
teaching  in  secondary  schools  are  often  largely  attended.  Such 
lectures  were  given  for  example  at:  (a)  Wurzburg,  April  21-27, 
1908 — Dr.  Host,  6  lectures  on  the  productiveness  of  the  employment 
of  graphical  aid  in  carrying  out  geometi-ical  constructions,  and  Prof. 
Prym,  6  lectures  on  the  derivation  of  fundamental  functions  in 
passing  from  lower  to  higher  analysis;  (b)  Erlangen,  April  13-19, 
1909 — Prof.  Gordan  gave  2  lectures  on  corresponding  conies,  Prof. 
Noether  2  lectures  on  the  variation  principle  in  mechanics,  and  Dr. 
Plilb  2  lectures  on  relations  between  higher  and  elementary  mathe- 
matics. 

Courses  in  the  history  of  mathematics  are  not  often  given  in 
Germany,  but  at  the  University  of  Munich  Dingier  is  a  privat- 
docent  for  the  didactics,  philosophy  and  history  of  mathematical 
sciences.     His  appointment  in  1912  was  the  first  of  the  kind. 

11.  Regulations  of  1912,  Tlie  candidate  is  still  required  to  pass 
two  examinations,  namely,  the  two  sections  of  the  Lehramtspriifung, 
but  the  first  section  does  not  come  till  after  at  least  four  years  of 
study  in  a  university  or  technical  high  school  and  the  second  section 
after  the  completion  of  a  Seminarjahr.  There  is  also  a  voluntary 
special  examination. 

The  candidate's  choice  of  subjects  is  more  circumscribed  in  Bavaria 
than  in  Prussia.  He  is  required  to  make  selection  from  one  of  the 
following  groups: 

1.  Classical  languages,  German  language,  and  history. 

2.  German  language,  history,  French  or  English  language. 

3.  Modem  languages. 

4.  Mathematics  and  physics. 

5.  Chemistry,  biology,  and  geography. 

6.  Commercial  science  and  geography. 

7.  Drawing. 

Mathematics  and  physics  must  be  chosen  together,  and  no  other 
subject  may  be  elected  with  them. 

For  admission  to  the  first  division  of  the  Lehramtspriifung  in 
mathmetics  and  physics  the  following  are  required: 

(a)  The  Reifezeugnis  of  a  Gymnasium,  Realgymnasium,  or  Oberrealschule. 

(6)  The  proof  of  study  at  a  German  university  or  teclinical  high  school  for  at  least 
four  years,  at  least  three  of  wliich  have  been  devoted  to  attending  lectures  on  mathe- 
matics and  physics,  to  laboratory  practice,  and  to  drill  in  exercises. 

(c)  A  certificate  of  successful  completion  of  courses  of  exercises  in  mathematics  and 
physics. 
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(d)  Proof  of  attending  two  courses  of  philosophic,  historic,  or  geogmphic  content. 

(e)  The  pre-iontutiun  of  twj  ■'Ziil.uiuni^-iurheiteii,"  which  mii-^t  lie  authenticated  l)y 
directors  of  exerci.se  drill  or  laboratory  practice;  one  "Arbeit"  of  moderate  scope,  on 
some  topic  in  mathematics  or  theoretical  phy^icn,  shtnild  have  been  prepared  in  seminary 
or  similar  exercise.^,  the  other  Arbeit  should  be  in  the  nature  of  a  report  of  work  done  in 
laboratory  j)hy!*ics.  The  Zulas-jungsarbeiten  must  each  display  familiarity  with  the 
x'ientitic  subject  and  iU  literature,  a  methodical  development,  and  wfll-ordered 
presentation. 

In  those  conditions  it  is  notable  that  practical  exoici.sos  in  both 
mathematics  and  physics  are  required  and  that  cortificatas  of  the 
sticcessful  pursuit  of  these  exorcises  are  to  bo  prasented. 

Tlie  first  division  of  the  examination  is  both  ^vTitt<3n  and  oral. 
The  written  examinations  all  take  place  within  a  few  days  (again 
in  contrast  to  Prussian  arrangements,  where  they  extend  over  months), 
and  are  arranged  in  three  gi'oups: 

CJROUP  1: 

(a)  Elementary  plane  and  solid  geometry  (2  hours). 

(6)  Plane  and  spherical  trigonometry  with  simple  applications  to  mathematical 
geography  (2  hours). 

(c)  Descriptive  geometry,  including  the  elements  of  axonometry  and  perspective 
with  applications,  e.  g.,  to  construction  of  shadows  (drawing  very  carefully  done) 
(2-3  hours  V 

(d)  Algebra  (2  hours). 
GROUP  2: 

(a)  Analytic  and  sjiithetic  plane  and  solid  geometry  (2-3  hours). 

(6)  Differential  and  integral  calculus  with  applications  (2-3  hours). 

(c)  Elements  of  the  theory  of  ordinary  and  partial  differential  equations  and  the 
elements  of  differential  geometry  (2-3  hours). 

(cT)  Theory  of  scries  and  elements  of  the  theory  of  functions  (2-3  hours). 
GROUP  3: 

(a)  Experimental  physics,  Division  I  (mechanics,  acoustics,  theory  of  heat)  (2 
hours). 

(6)  Experimental  physics.  Division  II  (electricity,  magnetism,  optics)  (2  hours). 

(c)  Analytic  mechanics  of  rigid  and  deformable  bodies  (2-3  hours). 

(</)  Elements  of  theoretical  physics  (2-3  hours). 

In  addition  to  these  written  examinations,  the  candidate  is  given 
four  hours  to  \vrite  a  German  essay  to  test  his  general  culture.  The 
subject  of  the  essay  must  be  selected  from  one  of  three  fields  stated 
to  him. 

The  elaborate  home  essay,  which  is  the  central  feature  of  the 
written  examination  in  other  States  and  which  is  regarded  as  of  special 
value  in  determining  cultural  development,  is  entirely  lacking  in 
Bavaria. 

In  the  oral  examination,  which  is  not  pubUc,  there  is  more  search- 
ing questioning  in  certain  fields  of  the  written  examination;  these 
fields  include  the  founchitions  of  the  theory  of  space  (Ciroup  1),  the 
theorj'  of  numbers  (Group  2),  and  chemistry  (Group  3).  Tlie  can- 
didate! is  also  given  opportunity  to  prove  his  famiharity  with  some 
special  field  of  mathematics  or  physics  which  he  has  liimself  chosen. 
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The  oral  examination  in  each  of  the  groups  1  and  2  lasts  for  40  minutes; 
in  group  3,  50  minutes. 

Between  the  first  and  second  divisions  of  the  Lehramtsprafui\i; 
the  candidate  receives  his  practical  or  professional  training  in  a 
Seminar,  to  which  he  is  assigned  by  the  ministry.  The  training 
here  has  been  described  already. 

In  the  second  division  of  the  exam'nation  the  candidate — 

(o)  Presents  his  home  thesis. 

(b)  Gives  lessons  of  one  hour  each  in  some  topics  of  mathematics 
or  physics  (in  connection  with  which  opportunity  is  given  to  indi- 
cate his  facility  in  sketching  on  the  blackboard  and  in  experimenta- 
tion), and  conducts  an  exercise  in  physics  for  pupils.  The  topics 
are  assigned  one  day  in  advance. 

(c)  Is  examined  oraUy  on  the  theory  of  education  and  instruction, 
especially  of  secondary  school  pedagogy  and  its  history,  as  weU  as  on 
related  fundamental  questions  in  philosophy  and  psychology.  In 
addition  to  the  general  knowledge,  the  candidate  must  show  a  more 
thorough  acquaintance  with  the  pedagogic  theories  and  cultural 
development  in  some  modern  epoch  selected  by  himself.  Connected 
with  this  are  questions  on  the  newer  development  of  methods  of 
instruction  in  topics  of  mathematics  and  physics,  whereby  the 
candidate  is  given  an  opportunity  to  demonstrate  his  acquaintance 
with  separate  phases  of  development  in  mathematics  and  physics. 

A  candidate  who  fails  in  the  second  section  of  the  examination 
must  repeat  the  Seminar] ahr  before  he  is  permitted  to  try  the  ex- 
amination again.  A  second  repetition  of  the  examination  is  not 
permissible.  The  examination  is  conducted  almost  entirely  by 
schoolmen,  including  the  Seminar  director  and  Seminarlehrer. 

The  optional  "special  examination"  was  a  feature  of  regulations 
in  force  from  1873  to  1895.  In  somewhat  modified  form  it  reap- 
peared in  1912.  This  examination  must  be  taken  within  10  years 
after  the  second  division  of  the  Lehramtspriifung ;  it  may,  however, 
be  taken  at  the  same  time  or  even  before,  but  in  this  latter  case  a 
certificate  of  having  passed  the  examination  wiU  not  be  awarded 
until  the  Lehramtspriifung  has  been  completed. 

For  admission  to  the  special  examination,  there  is  required  either 
the  presentation  of  a  scientific  thesis  ^  in  the  field  of  pure  or  applied 
mathematics  or  of  physics,  or  the  presentation  of  a  practical  work, 
with  proof  of  thorough  scientific  study  in  one  of  the  following  fields: 
Geodesy,  astronomy,  technical  mechanics,  technical  physics,  electro- 
technical  science. 

The  first  part  of  the  oral  examination  is  on  the  field  from  which  the 
subject  of  the  scientific  thesis  is  taken  and  lasts  about  an  hour;  the 
second  part  covers  the  whole  range  of  the  special  subject  chosen  and 

'  Or  prize  essay  or  doctor's  dissertation  or  other  printed  paper. 
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lasts  at  least  an  hour  and  a  hnlf.     No  second  trial  of  this  examina- 
tion is  pennissiblo. 

Note  that  a  scientific  thesis  and  a  piece  of  practical  work  are  put  on 
a  plane  of  equality  in  this  examination,  of  wliieh  there  is  no  analogue 
elsewhere  ui  Gi'rmany,  although  it  is  somewhat  similar  to  the  exami- 
nation for  doctorate.  In  the  earlier  regulations  it  was  ordered  that 
those  who  passed  the  special  examination,  even  though  it  involved 
nothing  of  a  petlagogic  character,  were  to  get  the  better  positions  in 
the  secondary  schools.  This  is  not  necessarily  the  case  in  the  newer 
regulations,  and  just  what  the  cfTect  of  the  examination  will  be, 
remains  to  be  seen. 

In  Ulu.stration  of  the  excellence  of  the  pedagogically  arranged 
lists  of  courses  offered  at  the  University  of  Munich,  that  for  the 
simimer  semester  1914  is  given:  Introduction  to  higher  mathematics 
for  students  of  philosophy  (3  hours,  including  one  for  exercises), 
Dingier;  difTerential  calculus  (5  hours,  including  one  for  exercises), 
Bohm;  exercises  in  plane  analytic  geometry  (2  hours),  Dingier; 
descriptive  geometiy  II  (5  hours),  Hartogs;  exercises  in  descriptive 
geometrj-  (3  hours),  Ilartogs;  analytic  geometry  of  space  (4  hours), 
Voss;  int^'gral  calculus  (5  hours),  Lindemann;  dcfinito  integrals  and 
Fourier  series  (4  hours),  Pringsheim;  sjTithetic  geometry  II  (4  hours), 
Rosenthal;  exercises  in  synthetic  geometry  (1  hour),  Rosenthal;  in 
seminary,  exercises  for  middle  semesters  (higher  analysis  with  appli- 
cations) (2  hours),  Rosenthal;  theory  of  algebraic  forms  (invariants) 
(4  hours),  Lindemann;  introduction  to  the  theory  of  partial  difTer- 
ential equations  (4  hours),  Voss;  seminary,  theory  of  ordinaiy 
differential  equations  (2  hours),  Voss;  applications  of  elliptic  func- 
tions (3  hours),  Pringsheim;  on  the  problem  of  squaring  the  circle 
(2  hours),  Lindemann;  seminary  (2  hours),  Lindemaim;  geometric 
morphology  (3  hours).  Brunn;  elementary  theory  of  life  insurance 
for  natural  scientists,  political  economists,  and  mathematicians 
(4  hours,  including  one  for  exercises),  Bohm;  lectures  and  reviews 
of  mathematical-statistical  questions,  for  advanced  students  (2 
hours),  Bohm.  Mechanics  of  the  continua  (hydrodynamics,  acous- 
tics, elasticity)  (4  hours),  Sommerfeld;  seminary  exercises  on  hydro- 
dynamics, etc.  (2  hoiu^),  Sommerfeld;  physics  of  the  science  of 
earthquakes  (4  hours),  Bidlingmaier;  mechanics  of  the  heavens  II 
(4  houi-s),  Seeliger, 

3.  SAIONY. 

The  regulations  formulated  in  1908-9  for  the  preparation  of  teach- 
ers of  mathematics  for  the  secondary  schools  of  Saxony  differ  very 
little  from  those  promulgated  in  Prussia  in  1898.  The  examination 
consists  of  two  parts,  the  general  and  the  special  subject.  The  home 
theses  are  to  be  finished  before  the  oral  examination.  The  general 
examination  is  on  philosophy,  pedagogy,  and  Grerman  lit-erature,  but 
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not  on  religion.  The  special  subject  examination,  more  limited  than 
in  Prussia,  is  confined  to — (1)  pure  mathematics;  (2)  applied  mathe- 
matics;  (3)  physics;   (4)  chemistry;   (5)  mineralogy  and  geology.* 

The  candidate  must  choose  at  least  three  subjects;  it  is  desirable 
that  he  be  also  prepared  in  a  fourth;  and  he  is  not  prohibited  from 
taking  all  five.     The  following  combinations  are  permissible: 

(a)  Pure  mathematics,  applied  mathematics,  physics. 

(h)  Pure  mathematics,  physics,  chemistry. 

(c)  Chemistry,  mineralogy  with  geology,  ph3"sics. 

(d)  Chemistry,  mineralogy  with  geology,  pure  mathematics. 
For  home  theses  the  candidate  is  given  two  problems,  one  for  the 

general  examination,  the  other  for  the  special  subject  examination  in 
that  subject  in  which  he  wishes  to  prove  himself  capable  of  first  grade. 
In  case  this  subject  is  pure  mathematics  he  receives,  in  addition  to 
the  problem  for  the  general  examination,  tw^o  problems  for  the  special 
subject  examination  to  work  at  home,  of  which  one  must  be  in  math- 
ematics; in  this  case  the  candidate  has  no  written  examination,  but 
otherwise  written  examinations  in  all  subjects  of  the  special  subject 
examination,  to  the  extent  of  four  hours,  may  be  required.  For  the 
preparation  of  each  home  thesis  eight  weeks  are  allowed.  The  whole 
period  of  examination  in  Saxony  as  well  as  in  Prussia  thus  extends 
over  several  months  instead  of  a  few  days  as  in  Bavaria. 

The  regulations  with  regard  to  pure  mathematics  and  physics  in 
the  special  subject  examination  are  practically  identical  with  those 
in  Prussia,  but  in  applied  mathematics  the  requirements  are  some- 
what different  by  reason  of  the  final  clause.  The  whole  paragraph 
is  as  follows : 

Of  candidates  who  wish  to  qualify  for  instruction  in  applied  mathematics  there  is 
required,  in  addition  to  a  certificate  in  pure  mathematics,  knowledge  of  descriptive 
geometry,  including  the  principles  of  central  projection,  and  corresponding  facility 
in  drawing;  familiarity  with  the  mathematical  methods  of  technical  mechanics,  espe- 
cially of  graphical  statics,  with  lower  geodesy  and  the  elements  of  higher  geodesy 
and  with  the  theory  of  adjustment  of  errors  in  observation.  The  candidate  is  free  to 
indicate  in  which  one  of  the  three  parts  he  would  rather  be  examined. 

The  preparation  for  the  special  subject  examination  usually  occu- 
pies not  less  than  four  years  and  this  may  be  made  either  at  the 
University  of  Leipzig  or  at  the  Technische  Hochschule  in  Dresden. 
For  the  student  whose  special  subjects  are  pure  and  applied  mathe- 
matics and  physics,  the  followmg  scheme  of  courses  is  recommended 
at  the  Technische  Hochschule: 

1  There  seems  to  be  a  discrepancy  in  A.  Witting's  report  unless  different  regulations  govern  candidates 
studying  at  the  University  of  Leipzig  from  those  at  the  Technische  Hochschule.  The  regulations  quoted 
above  went  into  effect  for  the  Hochschule  January  25,  1909  (p.  57).  On  p.  47,  however,  in  coimection  mth 
regulations  in  force  May  1,  1908,  for  the  university,  German  is  not  mentioned  as  a  general  examination 
subject,  while  nine  instead  of  five  subjects  are  mentioned  as  possible  special  subjects:  the  other  four  are 
liistory,  botany,  zoology,  and  geography.  Geography  might  be  elected  instead  of  chemistry  by  tiie  mathe> 
matician.     C/.  Lorey's  report  on  Prussia,  p.  65. 
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1.  Spmp««tor  fe\iinnipr\ 

Higher  Mathematics  I  (analytic  peometryand  higher  analysis),  with  exercises. 

Descriptive  Cieoinetry  I,  with  exercises. 

Inorganic  chemistry. 

Inorganic  cliemistr}-  in  laboratory. 

2.  Semester  (winter K 

Higher  Mathematics  II,  with  exercises. 

Descriptive  Geometry'  II  and  pen<i>ective,  with  exercisea. 

Technical  Mechanics  I,  with  exercieea. 

Experiiii.ntal  I'liy.<ic3  I. 

Geodesy  I. 

I-aboratory  phy-sics. 

3.  Semester  (summer). 

Higher  Mathematics  III.  with  exercisea. 
Analytic  geometry  of  conit^. 
Technical  Mechanics  II,  with  exercisea. 
Experimental  Physics  II. 
Praktikum  in  geodesy. 
Method  of  least  squares. 
Laboratory  physics. 

4.  Semester  (winter). 

Higher  Mathematics  IV,  with  exercises. 
Analytic  geometry  of  surfaces  of  the  second  degree. 
Technical  Mechanics  III.  with  exercises. 
Geodesy  II. 

For  the  first,  third,  and  especially  the  fourth  semester  it  is  recom- 
mended that  the  candidate  take  yet  other  courses  in  the  fields  of 
mathematics  and  physics.  The  above-mentioned  courses  are  simply 
those  which  are  fundamental. 

Later  semesters  should  serve  for  deeper  study  in  fields  of  interest. 
For  this  purpose  there  are  each  semester  mathematical  seminaries, 
praktika  in  physics,  and  special  lectures  in  mathematics  and  physics, 
especially  ■  in  spherical  trigonometry,  theory  of  real  and  complex 
functions,  elliptic  functions,  higher  algebra,  differential  equations, 
theory  of  space  curves  and  surfaces,  theory  of  geometric  transforma- 
tions, theory  of  algebraic  curves  and  surfaces,  geometry  of  motion, 
analytic  mechanics,  potential  theory  and  other  parts  of  mathe- 
matical physics,  spherical  astronomy,  and  insurance. 

The  following  courses  in  mathematics  and  astronomy  were  offered 
at  the  University  of  Leipzig  in  the  summer  semester  of  1914: 
Descriptive  geometry  (2  hours),  by  Rohn;  plane  analytic  geometry 
(4  hours),  Hcrglotz;  algebraic  analysis  (introduction  to  the  differ- 
ential and  integral  calculus),  Herglotz;  theory  of  numbers  (2  hours), 
Koebe;  algebraic  curves  (4  hours),  Rohn;  differential  equations, 
with  exercises  (4  hours),  Koebe;  general  theory  of  functions  of  a 
complex  variable  (4  hours).  Holder;  calculus  of  variations  (2  hours), 
Holder;  theory  of  collective  measurement  (4  hours),  Bruns.  Mathe- 
matical seminary:  (1)  Exercises  in  theory  of  functions  (1  hour), 
Holder  and ;  (2)  exercises  in  descriptive  geometry  (2  hours), 
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Rolm  and ;  (3)  exercises  in  algebraic-curves  (1  hour),  Rohn; 

(4)  introduction  to  the  hterature  of  modern  theory  of  functions 
(conformal  representation  and  uniformization) ,  lectures  by  the 
members  (fortnightly),  Herglotz  and  Koebe.  Exercises  in  analytical 
geometry  (1  hour),  Herglotz;  practical  work  in  the  observatory, 
Bruns. 

Further,  all  candidates  have  opportunity  to  hear,  at  regular  inter- 
vals, lectures  on  history  of  philosophy,  logic,  psychology,  systematic 
pedagogy,  and  history  of  pedagogy. 

In  spite  of  the  statement  of  P.  Ziertmann  in  Monroe's  Cyclopedia 
(p.  91),  I  am  in  doubt  as  to  whether  the  Probejahr  is  obhgatory  *  in 
Saxony,  since  even  the  Seminar] ahr  does  not  seem  to  be  required 
but  only  "recommended."  (A.  Witting,  p.  62.)  The  single  Saxony 
Seminar  for  the  mathematician  is  the  practical-pedagogic  Seminar 
which  was  organized  in  1895  and  stands  in  official  connection  with 
the  University  of  Leipzig.^  It  is  in  charge  of  the  rector  of  the  Thomas 
Gymnasium,  and  Dr.  Ernst  Lehmann  directs  the  work  of  mathematics 
and  natural  sciences.  The  weekly  sessions  of  two  hours  each  in  a 
Gymnasium  embrace  visiting  the  classes  of  experienced  teachers, 
practice  teaching  by  students,  and  criticism  of  the  work  done.  The 
number  of  students  is  large. 

'  It  is  not  even  mentioned  by  A.  Witting,  in  connection  with  the  required  training  of  the  teacher.  True, 
one  does  tod  the  following  in  section  8  of  the  regulations  concerning  the  practical  Seminar  mentioned  below: 
"Upon  his  d«partnre  from  the  Seminar  every  member  can  demand  a  certificate,  which  is  to  be  given  by 
the  leader  of  the  subject  group  and  countersigned  by  the  director.  These  certificates  must  be  aMxed  to 
the  petition  to  the  royal  ministry  of  public  instruction  whan  the  candldat«s  are  admitted  to  the  Probejahr." 
(J.  F.  Brown,  p.  112.) 

Upon  appealing  to  the  late  Miss  Anna  T.  Smith,  specialist  in  foreign  educational  systems  at  the  Bureau 
of  Education,  Washington,  for  references  leading  to  a  more  conclusive  statement,  I  received  the  following 
Information: 

"  I  regret  to  say  that  I  am  unable  to  refer  you  to  any  sources  of  information  which  positively  settle  your 
Inquiry,  although  to  my  mind  it  may  be  mferentially  determined.  A  little  volume  by  Prof.  Dr.  Jacob 
Wyohgram,  entitled  Das  hohere  und  mittlere  Vnterrichtsioesm  in  Deutschland,  and  published  at  Berlin 
and  Leipzig  m  1913,  purposes  to  give  the  requirements  existing  at  that  time  with  reference  to  the  qualifi- 
cations of  teachers  of  the  secondary  schools  tn  Germany.  In  the  introductory  chapter,  which  is  a  general 
survey  for  the  entire  Empire,  p.  25,  it  is  stated  that  after  completing  the  Seminar  arid  Probejahr  the  can- 
didates receive  the  certificate  of  capacity  for  appointment  as  professors  and  may  be  admitted  into  the 
pubUc,  State,  or  city  school  service  unless  special  difflculties  Interfere.  This  statement  is  In  exact  accord- 
ance with  the  requirements  published  for  Prussia  in  1898,  i.  e.,  Ordnung  der  Priifung  fur  das  Lehramt 
an  hoheren  Schulen  von  12.  September,  1898. 

"By  a  decree  (Verfiigung)  dated  Dec.  29, 1892,  a  mutual  arrangement  was  entered  into  between  different 
parts  of  the  German  Empire  which  provided  for  the  mutual  recognition  of  candidates  tn  the  States  of  the 
Empire  named.  The  Kingdom  of  Saxony  does  not  appear  In  the  number.  [Compare  pp.  86-87 .j  It 
is  known  that,  while  the  general  featiues  of  the  Ssucon  scheme  of  qualification  are  the  same  as  those  of 
Prussia,  there  are  some  slight  modifications.  This  distinction  is  Indicated  by  regulations  pertaining  to 
the  examination  of  candidates  for  the  higher  school  service  issued  Jan.  25,  1909.  Section  29  of  this  publi- 
cation simply  states  that  the  candidate  for  appointment,  before  receiving  the  certificate  of  capacity,  must 
have  sustained  the  State  examination  and  have  passed  successfully  the  Probejahr.  No  mention  is  made 
of  the  year  in  the  Seminar.  From  this  it  might  be  inferred  that  the  latter  is  not  essential,  although  it 
is  well  kno%vn  that  it  is  customary.  (See  Bekanntmachung,  iiber  die  Ordnung  der  Priifungf  iir  Kandidaten 
des  hoheren  Schulamtes  der  mathematisch-physikallschen  und  chemlschen  Richtung  an  der  Kdniglichen 
Technischen  Hochschule  zu  Dresden,  sec.  29,  pp.  14-15.)" 

» "  Uber  das  Studlum  der  Padagogen  an  der  Universitat  Leipzig,"  ia  Klein's  Aktuelle  FrobUme  der 
Lehrerbildung,  pp  16  fl. 
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4.  WIBTTEMBERG. 

The  present  regulations  for  the  training  of  teachers  for  secondary 
schools  date  from  1898.  Broadly  speaking,  they  require  tliat  a  can- 
didate shall  successfully  pass  (1)  two  service  examinations  {DienM- 
jirUfungen),  that  is,  examinations  preparatory  to  serving  as  teachers; 
:ind  (2)  a  "Vorbereitungsjahr"  or  Probejahr. 

The  examinations  are  held  at  Stuttgart,  usually  in  the  spring, 
before  a  commission  composed  of  university  professors  and  schoolmen 
appointed  by  the  minister  of  church  and  school  affairs.  The  com- 
mission is  under  the  direction  of  a  member  of  the  department  of  the 
ministry  for  higher  schools. 

Application  for  admission  to  the  first  service  examination  must  be 
accompanied  by:  (a)  A  scientific  thesis;  (h)  proof  of  attendance  at 
lectures  and  seminary  exercises  in  a  German  university  or  technical 
high  school  during  four  years;  (c)  certificates  of  participation  in  the 
exercises  of  a  high-school  institute  in  physics  or  chemistry,  and  a 
testimonial  descriptive  of  the  success  attending  this  participation. 

Of  the  required  attendance  at  university  and  teclmical  high  school 
at  least  two  of  the  semesters  must  be  hi  a  university,  and  during  not 
less  than  sLx  semesters  the  candidate  must  specialize  in  the  subjects 
of  examination,  in  class  and  seminary. 

Two  advanced  lecture  courses  in  philosophy  and  one  in  pedagogy 
arc  also  required  of  all  candidates. 

Tlie  first  service  examination  of  the  mathematics-natural  science 
course  is  arranged  in  two  divisions:  (a)  Matliomatics-physics;  (b) 
chemistrj'-biology,  between  which  the  candidate  has  to  make  choice. 
The  subjects  in  each  division  are  grouped  as  majors  and  minors. 

Except  in  cases  to  be  noted  presently  the  examinations  are  both 
written  and  oral  in  all  subjects;  the  commission  can  nevertheless 
waive  oral  examination  of  a  candidate  in  a  special  subject,  when  he 
has  done  exceptionally  well  in  the  written  examination. 

The  majors  in  the  mathematics-physics  division  are: 

1.  Mathematics 

(a)  Higher  algebra,  iDcluding  the  theory  of  elimination. 

(6)  Differential  and  integral  calculus,  including  partial  differential  equations 

and  elements  of  the  theory  of  functions, 
(c)  Analytic  geometry,  including  the  elements  of  the  theory  of  higher  curves 

as  well  as  the  theory  of  curvature, 
(rf)  Trigonometry,  with  mathematical  geography. 
(e)  Synthetic  geometry,  including  surfaces  of  the  second  degree. 
(/)  Descriptive  geometry. 

2.  Mechanics,  especially  mechanics  of  a  rigid  system. 

3.  Physics. 

(a)  Expf-rimental  physics. 

(6)  Theoretical  physics  in  the  four  fields:  Mechanics  in  physics,  optics,  theory 

of  heat,  electricity  and  magnetism  (written  examination  only), 
(c)  Exercise  in  manipulation  of  apparatus  for  physics. 
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In  the  written  examination  the  candidate  is  expected  to  solve  one 
or  more  of  the  "not  too  difficult  exercises"  of  the  subject  in  question, 
while  in  the  oral  examination  the  candidate's  comprehension  of  the 
theory  is  ascertained. 

In  mathematics,  the  candidate  has  a  choice  in  the  written  examina- 
tion between  (a)  and  (b) ;  in  theoretical  physics  exact  acquaintance 
with  only  two  of  the  four  fields  mentioned  is  required. 

The  exercise  in  manipulation  of  apparatus  consists  in  carrying  out 
certam  experiments;  the  commission  may  waive  this  exercise  if  an 
official  certificate  from  the  authorities  of  the  Institute  of  Physics  or 
of  the  State  University,  or  of  the  Technical  High  School  in  Stuttgart 
indicates  sufficiently  long  drill  and  adequate  dexterity  in  such  exercise. 

The  only  minor  of  the  first  part  is  chemistry,  in  which  a  knowledge 
of  the  most  important  theories  of  general  chemistry  and  acquaintance 
with  the  presentation  and  the  properties  of  the  most  important  com- 
pounds is  required.  Furthermore,  demonstrations  suitable  for  school 
instruction  may  be  called  for. 

The  majors  of  the  chemistry-biology  division  are  chemistry,  min- 
eralogy with  geology,  botany,  zoology. 

The  minors  of  this  part  are: 

1.  Algebra  and  lower  analysis. 

2.  Elements  of  differential  and  integral  calculus. 

3.  Elementary  geometry,    including  trigonometry  and  the  elements  of  modern 

geometry. 

4.  Elements  of  plane  analytic  geometry. 

5.  Elements  of  descriptive  geometry. 

6.  Experimental  physics,  in  which  the  demonstration  of  acquaintance  witli  the 

most  important  apparatus  for  instruction  in  physics  may  be  required. 

Mathematical  questions  which  have  been  set  in  Wurttemberg  ex- 
aminations in  both  the  mathematics-physics  and  the  chemistry- 
biology  divisions   are  given  in  Appendix  E. 

For  upper  classes  the  teacher  is  allowed  to  instruct  only  in  the  sub- 
jects of  his  first  service  examination;  in  the  two  upper  classes  he 
must  usually  confine  himself  to  the  major  subjects  of  this  same 
examination. 

Concerning  the  second  service  examination  the  regulations  state: 
After  the  first  service  examination  the  candidate  is  assigned  to  a 
Realschule  for  a  year  in  order  to  acquire  a  methodical  introduction 
into  the  theory  and  practice  of  teaching  (Vorbereitungsjalu-).  The 
second  service  examination  consists  of  (a)  a  German  essay;  (h)  an 
examination  in  free-hand  drawing;  (c)  a  supplementary  examination 
(Erganzungspriifung) ,  in  which  the  extent  of  the  requirements  is  de- 
termined by  the  needs  of  instruction  in  middle  real  classes;  and  (d) 
the  delivery  of  three  trial  lessons. 

The  peculiar  supplementary  examination  of  the  mathematics- 
natural  science  group  includes  (1)  French  and  (2)  English,  and  is   a 
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survival  of  other  days.  In  practice,  however,  the  young  teacher 
equi]'>]>cd  to  instruct  in  niathcnuitics  has  to  start  out  in  a  country 
scliool  and  possibly  instruct  in  just  sucli  subjects. 

The  \'orbcreitungsjahr  is  never  pripcrly  ])ractical  because  of  the 
great  scarcity  of  teachers.  Hence  the  professional  training  of  the 
teacher  in  \Vurtteinb('rg  really  amounts  simply  to  a  year  of  teaching. 

At  the  University  of  Tubingen  in  the  summer  semester  of  1009  the 
foUowing  lectures  were  given:  General  psychology  (4  hours  a  week); 
church  and  school  in  the  nineteenth  century.  In  the  winter  semester, 
1909-10:  Psychology  (4  hours  a  week);  philosophical  ethics  and 
jurisprudence  (4  houi-s) ;  exercises  in  ethical  questions  (1  hour). 

S.  BADEN. 

The  examination  ordinance  of  1903  for  teachers  in  secondary  schools 
in  Baden  is  copied  in  its  essentials  from  the  Prussian  of  1898. 

Before  admission  to  the  examination  the  cancUdatc  must  have  pur- 
sued special  studies  at  a  German  university  for  not  less  than  eight 
semesters  (instead  of  six).  If  mathematics  or  natural  science  is  to 
be  the  major  of  the  examination,  regular  study  at  a  German  school  of 
technology  may  be  counted  equivalent  to  study  at  a  German  univer- 
sity up  to  four  semesters  (ordinance  of  1909).  During  at  least  four 
semesters  of  the  period  of  academic  study  the  candidate  must  have 
successfully  participated  in  scientific  or  practical  exercises  in  school  of 
technology  or  university  seminaries,  or  laboratories,  or  institutes. 

The  examination,  which  occurs  every  spring  in  Karlsruhe  before  a 
special  commission,  consists  of  two  parts,  the  general  and  special 
subject  examinations.  Both  are  written  and  oral;  the  written  usually 
precedes  the  oral. 

The  subjects  for  examination  are: 

A.  In  the  general  examination  for  each  candidate,  (1)  philosophy,  (2)  German  lit- 

erature. 

B.  In  the  special  subject  examination,  according  to  the  choice  of  the  candidates: 

In  the  mathematics  natural  science  field  of  instruction:    (1)  Mathomatics,* 
(2)  physics,  (3)  chemistry  and  mineralogy,  (4)  botany  and  zoology. 

Geography  may  be  chosen  in  combination  witli  mathematics, 
zoology,  and  botany,  or  as  another  subject. 

The  candidate  must  choose  at  least  three  examination  subjects — 
two  as  majors  and  a  third  as  mmor. 

Candidates  in  the  mathematics-natural  science  division  must  always 
choose  mathematics.  The  candidate  with  mathematics  as  a  major 
must  present  a  certificate  indicating  his  participation  in  the  exercises 
of  a  universit}-  seminar  or  other  school  of  higher  education  during 
at  least  four  semesters. 


'  Applied  mathematics  does  not  occur  as  a  special  examination  subject. 
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In  the  general  examination  all  candidates  must  demonstrate — (a) 
Their  general  knowledge  of  the  most  important  facts  m  the  history 
of  philosophy,  the  principles  of  logic,  and  the  chief  facts  of  empiric 
psycliology;  (b)  their  acquaintance  with  the  general  development  of 
German  literature  from  the  beginnmg  of  its  "blooming  period"  m 
the  eighteenth  century;  (c)  their  thorough  knowledge  of  a  not  too 
limited  field  in  philosophy  and  literature. 

For  the  examination  in  mathematics  there  is  required — 

(A)  As  mmor:  Knowledge  of  the  elements  of  higher  analysis, 
plane  analytic  and  synthetic  geometry,  spherical  trigonometry,  ele- 
ments of  astronomy. 

(B)  For  mathematics  as  major  m  addition  to  the  knowledge  re- 
quired m  A:  Acquaintance  with  the  foundations  of  arithmetic  and 
geometry,  of  analysis  and  algebra,  mcludmg  the  theory  of  functions, 
of  analytic  and  synthetic  geometry  of  space,  and  of  analytic  mechan- 
ics, as  weU  as  with  the  elements  of  descriptive  geometry  and  with 
the  chief  facts  of  the  liistory  of  mathematics. 

For  the  home  theses  every  candidate  receives  two  problems,  one 
for  the  general  exammation,  the  other  for  the  special  subject  examina- 
tion m  one  of  the  subjects  chosen  by  the  candidate  as  major.  The 
examination  commission  may,  however,  so  choose  a  theme  that  the 
latter  home  thesis  involves  both  majors. 

For  the  preparation  of  the  two  home  theses  a  period  of  20  weeks 
is  allowed. 

The  extent  of  the  requirements  in  this  connection  may  be  judged 
by  some  of  the  themes  assigned  in  the  years  1908  and  1909: 

Derive  the  necessary  and  sufficient  conditions  for  the  vaUdity  of  the  theorem  con- 
cerniug  the  independence  of  the  value  of  the  integral  w=  j     f(z)dz  taken  over  the 
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path  of  integration,  and  apply  the  theorem  to  some  examples  (Cauchy)  for  finding  the 
value  of  definite  integrals. 

Symmetric  functions. 

The  proofs  of  the  transcendence  of  tt  exliibited  in  their  characteristic  features. 

Connection  between  the  theory  of  functions  and  hydrodynamics,  especially  explana- 
tions of  Kirchhoif 's  theory  of  waterspouts. 

A  presentation  of  the  most  important  theorems  in  the  theory  of  cylindrical  functions. 

The  addition  theorems  of  elhptic  integrals  of  the  first,  second,  and  third  species 
according  to  Euler's  development,  and  their  principal  geometric  applications. 

The  derivation  of  Lagrange's  differential  equations  of  the  second  kind  in  mechanics 
after  the  presentation  of  Boltzmann  and  the  researches  of  Von  Holder  on  the  Hamil- 
tonian  principle. 

Development  of  the  most  important  properties  of  spherical  harmonies  according  to 
the  lectures  of  Helmholz,  due  regard  being  paid  to  the  works  by  Heine,  F.  Neu- 
mann, and  C.  Neumann. 

On  the  numerical  solution  of  algebraic  equations. 

On  the  transformation  of  Laplace's  differential  equation  of  the  potential  by  Jacobi, 
among  others,  together  with  applications  tq  individual  problems. 
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On  those  plane  curves  of  the  fourth  order  which  have  the  imaginary  circular  pointa 
at  infinity  as  double  points. 
On  singular  u^ymplotic  curves  and  surfaces  (Inaugural  dissertation). 
Cyclidea. 

A  prize  memoir  t-rownccl  by  tlie  faculty  of  philosophy  or  mituriil 
science  iii  a  State  hij^h  school  or  university,  or  a  dissertation  accepted 
hy  such  a  faculty  may  be  considered  by  the  examination  commission 
as  ecjuivalent  to  the  home  thesis  in  the  special  subject  examination. 

In  determining  the  result  of  the  whole  examination  slight  lack  of 
knowledge  in  one  part  may  be  compensated  for  by  good  performance 
in  another.  The  candidate  has  passed  if  he  has  met  the  reciuirementa 
of  the  general  examination,  is  satisfactory  in  at  least  one  of  his  chosen 
majors,  and  has  shown  a  knowledge  of  two  nn)re  subjects  at  least  equi- 
valent to  that  required  for  minors.  If  the  examination  is  passed,  one 
of  the  predicat<?s-  "satisfactory,"  "good,"  or  "excellent"  is  assigned, 
according  to  the  character  of  the  written  and  oral  examinations  and 
home  theses.  In  this  connection  the  majors  are  to  be  considered  as 
first  in  importance,  the  minors  and  general  examination  as  secondary. 
If  the  candidate  has  failed  in  his  examination,  he  may  try  again  within 
two  years,  at  the  latest.  If  he  fails  a  second  time,  permission  for 
further  trial  may  be  granted  only  by  the  ministry. 

Having  passed  the  exammation  the  candidate  must  next  become  a 
Praktikant  in  the  training  of  a  "Probejahr  "  which  is  more  in  the 
nature  of  a  Prussian  Seminarjahr, 

The  activities  of  the  Praktikant  in  the  institution  consist — (a)  In 
visiting  classes  which  will  aid  in  his  development;  {b)  in  trial  teach- 
ing, first  for  part  of  a  lesson,  then  for  whole  lessons,  and  finally  for 
continuous  instruction;  (c)  in  study  of  notable  works  in  general  and 
special  pedagogy  and  didactics,  which  are  to  be  found  in  the  library 
of  the  institution.  This  study  is  directed  by  the  teacher  in  charge 
of  the  candidate. 

From  this  teacher  at  the  beginning  of  the  second  half  of  the  year 
the  Praktikant  receives  a  theme  on  which  he  has  to  prepare  a  thesis 
of  not  more  than  20  written  quarto  pages  in  extent.  This  theme 
relates  to  the  activities  of  the  Praktikant  in  the  institution,  but  its 
treatment  also  serves  to  indicate  his  knowledge  of  the  related  peda- 
gogic hterature  of  ancient  anil  modern  times.  The  thesis,  accom- 
panied by  the  critical  judgment  of  it  on  the  part  of  the  director  of 
the  institution,  is  laid  before  the  inspector. 

Furthermore,  the  Praktikant  has  to  give  a  trial  le.sson  to  a  class, 
which  he  has  taught  consecutively  for  at  least  two  weeks,  before 
the  director  of  the  institution  and  the  guiding  teacher.  These  each 
make  independent  reports  of  the  trial  lesson  to  the  inspector.  The 
report  of  the  director  is  also  accompanied  by  a  statement  concerning 
the  candidate's  industrv  and  his  general  bearing  Vjoth  irtside  and 
outside  of  the  institution. 
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On  the  basis  of  the  various  reports  the  inspector  decides  on  the 
candidate's  qualifications  as  a  teacher.  If  he  decides  that  the 
requirements  of  the  "Probejahr"  have  not  been  met,  the  probation- 
ary period  may  be  extended  for  a  year. 

At  the  University  of  Freiburg  in  the  summer  semester  of  1909, 
the  following  courses  were  offered:  Psychology  (4  hours  a  week); 
physiological  psychology  (1  hour);  history  of  pedagogy  (2  hours). 
In  the  winter  semester:  Physiological  psychology  (1  hour);  the 
higher  school  systems  of  the  present  (2  hours) ;  school  hygiene  (1 
hour). 

In  corresponding  semesters  at  the  University  of  Freiburg  the  fol- 
lowing courses  were  offered:  Ethics  (5  hours  a  week  for  a  semester) ; 
pedagogical  classics,  Rousseau  and  Pestalozzi  (1  hour  a  week). 

As  in  Bavaria,  university  "vacation  courses"  are  given  from  time 
to  time.  For  example,  at  Freiburg,  Easter,  1906:  Lowy  lectured  on 
mathematics  of  life  insurance,  and  Liiroth  on  some  fields  of  infinitesi- 
mal calculus  which  are  suitable  for  introduction  into  instruction  in 
secondary  schools.  At  Easter,  1908,  Liiroth  gave  three  lectures,  of 
an  hour  each,  on  spherical  trigonometry. 

6.  ALSACE-LORRAINE. 

Since  1899  the  regulations  for  the  scientific  training  of  the  teacher 
for  the  secondary  school  have  been  the  same  as  those  of  Prussia. 

The  examination  is  conducted  at  Strassburg  by  an  imperial  scien- 
tific examination  commission. 

The  professional  training  of  the  teacher  in  Alsace-Lorraine  has  not 
changed  in  form  since  1871.  The  young  expectant  is  sent  as 
''probationary  candidate"  to  some  liigher school  where  he  is  required 
to  give  instruction  for  six  or  eight  hours  weekly.  The  pedagogic 
and  didactic  direction,  the  fixing  of  class  hours  when  the  candidate 
listens  to  the  instruction  of  other  teachers,  the  giving  of  advice  in 
the  choice  of  works  which  serve  to  advance  pedagogic  and  didactic 
development,  are  either  undertaken  by  the  director,  if  he  is  a 
specialist  in  mathematics,  or  (as  happens  more  frequently  in  larger 
institutions)  by  a  capable  teacher  who  exercises  a  more  or  less  satis- 
factory guidance.  At  the  end  of  the  Seminarjahr  the  candidate  must 
present  a  thesis  on  a  theme  given  him  in  the  first  half  of  the  year. 
As  usual  in  such  cases  the  theme  gives  the  candidate  an  opportu- 
nity to  treat  some  practical  pedagogic  question  on  the  basis  of  his 
own  teaching  experience  and  of  his  study  of  related  literature.  The 
reports  to  the  inspector  are  of  the  same  nature  as  in  Baden,  and  he 
decides  as  to  the  candidate's  "Anstellungsfahigkeit." 

Wirz  well  remarks:  In  this  organization  for  the  training  of  candi- 
dates, it  is  evident  that  chance  plays  altogether  too  prominent  a  role. 
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Wlien  Reye  and  Weber  wore  at  the  university  of  Strass])urg  the 
courses  of  lectures  were  arranged  according  to  a  plan  which  considered 
the  needs  of  those  preptiring  to  be  teacliers  in  secondary  sdiools. 
In  the  hst  f)f  courses  fur  the  summer  semester  of  1914,  however,  there 
is  litUe  evitlence  of  any  such  plan,  as  tliere  is  only  one  course,  on  the 
theory  of  numbers,  which  can  be  possibly  considered  as  a  course 
for  beginners.  The  list  is  as  follows:  By  Faber:  Integral  calculus  II 
(4  hours);  theory  of  numbers  (2  hours);  mathematical  seminary 
(the  distribution  of  prune  numbers)  (2  hours).  B3'  Schur:  Tiieoret- 
ical  mechanics  (4  hours);  theory  of  ordinary  differential  equations 
(2  hours);  mathematical  seminary  (2  hours).  By  Simon:  History 
of  mathematics  in  the  Middle  Ages  (2  hours).  By  Wellstehi:  IClliptic 
and  hyporelliptic  functions  (4  houi-s).  By  v.  Mises:  Technical 
mechanics  II  (l\vdraulics  and  aerodynamics)  (4  hours) ;  integral 
equations  and  their  apphcations  (4  hours) ;  seminary  exercises  in 
applied  mathematics  (technical  mechanics)  (2  hours).  By  Epstein: 
Calculus  of  variations  (2  hours).  By  Speiser:  Theory  of  aggregates 
(2  hours) ;  the  equation  of  the  fifth  degree  with  exercises  (1  hour). 

Arrangements  for  the  scientific  development  of  the  teacher  of 
mathematics  are  wholly  lacking  and  there  are  no  "vacation  courses" 
as  at  several  universities  in  Prussia,  Baden,  and  elsewhere. 

In  the  summer  semester  of  1909  and  the  winter  semester  of 
1909-10  the  foDowing  courses  were  given  at  the  university  of 
Strassburg:  Psychological  exercises  (2  hours  a  week  tlirough  a  se- 
mester) ;  liistory  of  philosophy  (2  hours) ;  psychology  (4  hours) ; 
introduction  to  experimental  psychology  (1  hour);  ethics  (2  hours); 
history  of  Greek  ethics  (2  hours). 

7.  HESSE. 

According  to  an  ordinance  of  1908  the  scientific  capabilities  of  a 
candidate  are  tested  by  an  examination  commission  at  the  Univer- 
sity of  Giessen.  The  commission  is  composed  only  of  professors  in 
the  faculties  of  philosophy  and  theology,  the  idea  being  that  after 
candidates  have  studied  at  the  university  their  teachers  are  best 
qualified  to  examine  them.  In  addition  to  the  examination,  a  pro- 
fessional training  of  two  years  is  required. 

Candidates  for  admission  to  the  examination  in  mathematics  and 
natural  science — (a)  must  have  a  Reifczeuguis  from  a  Gvmna-sium, 
Realgymnasium,  or  an  Oberrcalschule ;  (6)  must  hav«  attended  a 
German  university  for  at  least  eight  semesters,  three  semesters  at 
a  technical  high  school  being  comited  as  equivalent  to  those  at  a 
university. 

The  examination  consists  of  a  general  examination  and  a  special 
subject  examination.  The  general  examination  is  on  philosophy, 
pedagogy,  and  German  literature.     In  pliilosophy  a  home  thesis  is 
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required,  six  weeks  being  assigned  for  completing  it;  otherwise  the 
examination  is  oral.  It  is  expected  that  the  candidate  have  a 
general  knowledge  of  the  history  of  philosophy,  acquaintance  with 
the  most  important  laws  of  psychology  and  of  the  facts  of  empiric 
psychology,  and  also  familiarity  with  the  history  of  pedagogy,  the 
essentials  of  method  (Methodik),  and  with  the  general  development 
of  German  literature. 

The  regulations  with  regard  to  the  special  subject  examination  are 
almost  word  for  word  the  same  as  those  in  Prussia. 

The  first  of  the  two  years  of  professional  training  must  be  obtained 
at  one  of  the  six  pedagogic  Seminarien  connected  with  and  conducted 
by  the  officials  of  some  of  the  secondary  schools.  Candidates  are 
here  familiarized  with  the  pedagogic  theories  required  m  their  special 
scientific  development  for  the  purposes  of  instruction  and  education, 
and  are  guided  in  the  practical  application  of  knowledge  thus  won. 
This  training  takes  place  (1)  at  meetings  which  occur  once  or 
several  times  each  week  for  introductory  instruction  in  the  theo- 
retical pedagogy  and  method  of  individual  subjects;  (2)  in  the  class- 
room, where  the  candidate  first  observes  the  instruction  of  a  special 
subject  teacher  and  then  after  sufiicient  preparation  and  assistance 
gives  some  trial  lessons.  At  the  end  of  the  Seminarjahr  each  candi- 
date must  present  a  thesis  on  a  pedagogic  subject. 

The  second  year  of  professional  training  is  at  one  of  the  secondary 
schools,  where  the  candidate  gives  consecutive  instruction  under  the 
direction  of  one  of  the  teachers  or  of  the  director.  After  successfully 
meeting  the  conditions  of  professional  training  the  candidate,  who 
has  up  to  that  time  borne  the  title  of  Lehramtsreferandar,  is  named 
Lehramtsassesor. 

At  the  University  of  Giessen  m  the  summer  semester  of  1909 
and  the  winter  semester  of  1909-10  the  following  courses  were- 
offered:  Exercises  m  experimental  psychology;  history  of  education 
and  pedagogy  since  the  age  of  humanism  (3  hours  per  week) ;  the 
nature,  origin,  and  development  of  speech  (2  hours  per  week); 
Pestalozzi  in  philosophic  semmary  (1  hour) ;  psychology  of  will  (1 
hour) ;  introduction  to  scientific  works  in  the  sphere  of  psychology 
and  pedagogy;  ethics;  outlmes  of  pedagogy  (2  hours  per  week), 

8.  HAMBURG. 

For  the  training  of  their  teachers  for  secondary  schools  the  Hanse- 
atic  cities  of  Hamburg,  Lubeck,  and  Bremen  arc  governed  by  the 
regulations  in  Prussia.  The  scientific  training  of  the  prospective 
teacher  for  these  States,  as  well  as  the  professional  trainmg  in  the 
case  of  Bremen,  takes  place  in  other  States,  such  as  Prussia  or  Hesse. 
I  shall,  therefore,  confine  my  comment  to  the  professional  training 
of  the  candidate  in  Hamburg. 
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The  caiulidate  in  mathematics  and  natural  science  is  assif^ned,  as  a 
ru'  ',  to  an  Oberrealschulc  or  a  Roalg^-mnasium.  The  number  of 
Seminar  candidates  at  one  institution  varies  from  4  to  12.  Each 
candichite  is  assigned  to  an  experienced  teacher  in  his  special  sub- 
ject. This  Oberlelirer  decides  what  lessons  the  candidate  must 
attend  in  order  to  prepare  liim  most  quickly  to  give  instruction 
himself.  The  period  of  simpk^  listening  rarel}'  exceeds  two  weeks; 
then  follow  the  first  attempts  at  teaching  in  the  presence  of  the 
Oberlelirer.  A  candidate  showing  some  aptitude  gives  one  or  more 
lessons  alone,  even  during  the  first  quarter  of  the  year,  that  he  may 
display  his  powers  of  preserving  discipline.  Not  till  this  chrysalis 
stage  has  passed  does  the  director  listen  to  a  candidate's  lesson  and 
discuss  it  with  the  Oberlehror.  Such  conferences  are  frequently  re- 
peated. Interruption  of  a  lesson  by  Oberlehror  or  director  rarely 
occurs,  as  it  is  recognized  that  the  loss  suffered  by  the  candidate's 
authority  is  greater  than  the  benefit  which  would  accrue.  Moreover, 
at  the  end  of  the  lesson  there  is  ample  opportunity  to  point  out  any 
error.  Li  case  of  need  a  written  preparation  for  the  next  lesson 
may  be  required.  It  is  arranged  that  the  candidate  gives  at  least 
four  such  inspected  lessons,  so-called  "Anleitungsunterricht,"  weekly. 

At  the  same  time,  in  accordance  with  the  advice  of  the  Oberlelirer, 
he  visits  classes,  tirst,  in  all  grades  of  his  own  special  subject,  then 
also  in  other  school  subjects  to  a  moderate  extent.  lie  has  to  render 
an  account  of  his  activities  to  the  director  every  week.  In  some 
institutions  a  written  report  of  lessons  heard  and  given  is  required. 
This  proceeds  by  way  of  the  Oberlehrer,  who  suppresses  indiscretions 
or  evidences  of  poor  judgment.  Since  in  a  large  faculty  frequent 
substitutes  (Vertretungen)  are  necessary,  the  candidate  is  early  and 
frecjuently  called  upon  to  act  as  deputy.  In  these  cases  he  is  quite 
alone  and  must  report  to  the  Oberlehrer  what  he  has  done.  The 
weekly  amount  of  Anleitungsstunden,  hours  of  visiting  classes,  and 
Vertretungsstunden  should  not  exceed  18  and  usually  varies  between 
12  and  15  hours. 

In  the  second  quarter  the  candidate  gives  frequent  instruction  in 
one  or  two  classes  of  different  grades.  He  must  direct  practical  class 
exercises  in  physics  unassisted.  If  a  class  is  divided  into  two  sec- 
tions for  carrying  out  exercises,  it  is  customary  for  the  Oberlehrer 
to  take  the  first  section,  while  the  candidate  assists  in  the  lesson. 
The  candidate  then  conducts  the  second  section  himself.  When  the 
candidate  has  the  necessary  independence,  especially  with  respect  to 
disciphne,  the  attendance  of  the  Oberlehrer  durijig  liis  teaching  hours 
is  confijied  more  to  regular  visits. 

In  the  second  semester  regular  teaching  hours  are  frequently 
assigned  to  the  candidate,  and  for  these  he  receives  remuneration. 
Id  addition  to  this  he  retains  Anleitungsunterricht  in  one  subject. 
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In  the  Sominarjahr  the  candidate  must  become  thorouglily 
acquainted  with  the  school  equipment,  and  the  laboratory  exercises 
give  the  necessary  incentive.  In  addition  all  Seminar  candidates 
of  physics  are  required  to  attend  the  weekly  instruction  (2-3  hours) 
in  practical  physics  in  the  Oberrealschule  at  the  Uhlenhorst. 

For  theoretical  mstruction  a  conference  of  one  hour  a  week  is 
appointed.  This  is  led  by  the  director.  So  far  as  possible,  general 
questions  of  instruction  and  education  are  dealt  with  by  discussion. 
Experienced  specialists  lecture  on  methods  of  instruction  in  individual 
subjects;  discussion  follows  immediately  or  a  week  later  in  the 
presence  of  the  lecturer.  Every  candidate  must  present  a  review 
of  some  valuable  work;  for  example,  by  Locke,  Basedow,  Pestalozzi, 
Herbart,  Jager,  Forster,  Wernicke,  Lietz,  Wetekamp,  Reidt,  Simon, 
Schwering,  Klein,  Wellstein,  Killing,  or  publications  of  the  Inter- 
national Commission  on  the  Teaching  of  Mathematics.  The  zealous 
use  of  the  Seminar  library  is  promoted  by  the  director.  In  some 
institutions  the  minutes  of  the  Seminar  conferences  are  taken  by  the 
candidates  in  turn.  At  otiiers  each  candidate  has  to  prepare  minutes 
of  aU  general  or  special  conferences. 

The  candidate  has  to  take  part  in  all  conferences  and  class  examina- 
tions in  so  far  as  he  is  not  prevented  by  his  own  instruction.  When 
the  reports  of  these  examinations  are  decided  upon  by  class  teacher 
and  director,  the  candidate  has  the  right  to  offer  a  dissenting  opinion; 
indeed,  he  is  expressly  summoned  to  declare  himself,  if  the  higher 
courts  disagree. 

At  the  end  of  the  Seminar]  ahr  the  candidate  must  present  a 
scientific  pedagogic  thesis,  and  a  more  practical  report  on  his  total 
teaching  experience  is  due  at  the  end  of  the  Probejahr.  In  the 
Probejahr  the  candidate  is  usually  busy  with  a  large  amount  of 
remunerative  teaching.  If  he  remains  at  the  same  institution  as 
that  in  which  he  spent  the  Seminar] ahr,  the  directing  Oberlehrer 
is  frequently  changed  in  order  that  different  methods  may  be  learned. 
Montlily  revisions  by  the  Oborleiu'er  and  a  thorough  examination  of 
the  classes  by  the  director  at  the  end  of  each  semester  are  the  rule. 

The  inspector  follows  the  development  of  the  candidates  with 
special  attention.  At  each  of  his  visits  to  the  institution,  or  when 
the  director  appears  before  the  school  authorities,  all  candidates 
are  discussed  in  detail.  Special  occm'rences  are  immediately  com- 
municated either  orally  or  in  writing.  The  inspector  hears  the 
candidate  at  least  once  in  each  semester,  and  considerably  oftener 
if  doubt  arises  as  to  the  desirability  of  admitting  him  to  the  Probe]  ahi' 
or  of  awarding  him  an  Anstellungsfahigkeitszeugnis.  On  the  basis 
of  his  own  observations,  of  repeated  oral  reports  by  the  director,  and 
of  written  final  reports  by  the  Oberlehrer  and  director,  the  inspector 
passes  upon  the  candidate's  fitness  for  the  Probejahr  or  for  a  teaching 
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certificate.  Tlio  refusal  of  tlio  first  as  woU  as  the  second  occurs 
repeatedly,  either  by  postponement  (when  the  work  is  usually  con- 
tinued at  another  institution)  or  witli  finality. 

In  conclusion,  some  titles  of  seminar  theses  may  he  mentioiunl. 
The  related  literature  is  collected  by  the  candidate  from  Ivethwisch's 
Jiihreshcr'u'litt  n  iiher  dax  huhere  Scfiularsen,  and  the  director  then 
furnishes  the  more  important  original  works  for  thorough  study. 
Tlie  problems  are  so  chosen  that  the  canditlate  has  opportunity  to 
test  theory  in  practice  or  to  modify  it.  Since  ho  receives  the  thomo 
in  tlio  fii"st  month,  and  does  not  render  the  thesis  till  the  ninth, 
ample  time  is  allowed  to  assemble  personal  experiences.  The  titles 
are  as  follows: 

What  limitatioriH  can  l)e  imposed  on  arithmetic-algebraic  instnictioii  in  the 
secondary  school  cla.sso.s? 

On  wliat  ^rounils  can  the  constant  use  of  oblique  parallel  projection  be  recom- 
mended in  commencing  the  instruction  of  descriptive  geometry? 

How  far  can  and  how  far  should  arithmetic  in  the  lower  classes  of  the  higher  schools 
prepare  for  the  instruction  in  altjebra? 

What  part  of  the  theory  of  circles  may  be  placed  at  the  beginning  of  instruction  in 
plane  geometry".' 

Cieometrical  instruction  in  Quarta,  with  special  reference  to  M.  Schuster's  Geo- 
metrische  Aufgabcn.^ 

How  may  instruction  in  spherical  tri<xonometry  be  built  up  on  the  theory  of  rigLt, 
angled  dihedral  angles  as  found  in  solid  geometry? 

The  treatment  of  the  inti-G;ral  calculus  in  Oberprima,  starting  from  definite  integrals. 

Logic  in  the  program  of  the  Oberrealschule. 

How  formulate  in  Sekunda  the  treatment  of  trigonometry  that  has  the  closest  possi- 
bU  connection  with  plane  geometry? 

To  what  extent  is  history  of  philosophy  connected  with  instruction  in  physics  and 
chemistry? 

The  instructional  value  of  drawing. 

Induction  and  deduction  in  geometric  instruction. 


When  a  candidate  for  a  teaching  position  in  a  secondary  school 
takes  up  the  work  of  his  preparation  in  the  German  university  he 
is  not  without  suggestions  for  his  guidance.  Two  illustrations  of 
weighty  pronouncements  of  this  nature  may  be  indicated:  I.  The 
plan  recommended  in  1907,  after  three  years  of  labor,^  by  the  com- 
mission on  instruction  of  the  Gesellschaft  deutschor  Naturforschor 
und  Arzte  (resulting  in  the  formation  of  the  Deutschen  Auschusses 

'  Oeomftrische  Aufgaben  and  Lfhrbuch  drr  Ommtlrif,  N'acli  konstrulctiv-analytl-solicr  Mcthodr  boarboitet. 
Nach  dera  Tcxie  des  Vecfassers  herausgpgcbcn  von  \V.  I.ict/mann.  Au.sgabo  A:  fUr  Volla:istalton,.3  Telle, 
I-elpdj,  Teubner.  I.  TcU:  PUinimetTie,^.  AuHege,  1908, 168  pp.;  II.  Tell:  Trigonometru,  2.  AuQagp,  1911, 
1»  pp.;  III.  Tell:  Stereoinftrit,  2.  Auflage,  1908,  110  pp. 

*Ct.  A.  Quumer,  Die  TAtigkeit  der  UntrrrichUkommUBion  der  Gesellschaft  deulscher  KaturfoTKher  und 
Artie.  Leipzig.  Teubner.  190S.  The  plan  and  recommendations  were  abo  published  In  UnivrrsilrU  und 
Schule.  VoTtrige  auf  der  i'rrsnmmlung  deuttchrr  Philologen  und  SchulmSnnfr  zu  Basel,  1907.  Leipr.ig, 
Teubner,  1907.    See  also  W.  Lorey,  Dot  Siudium  der  Ifathematik  an  dtn  deutschen  UniversUdten,  pp  291-296. 
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fiir  den  mathematischen  und  naturwissenschaftlichen  Unterriclit) ; 
II.  Advice  (Vorschlage)  issued  in  1913/  at  the  University  of  Gottin- 
gen,  to  students  of  mathematics  and  physics. 

I.  In  this  plan  it  is  recommended  that  the  general  studies  in 
mathematics  and  physics  should  be  taken  during  the  first  six  semesters 
according  to  the  followmg  scheme: 


Sem- 
ester. 


Specialty  studies. 


Diflerential  and  inte- 
gral calculus,  I. 


Analytic  geometry. 


Experimental  physics, 
I. 


Exercises,  Praktika,'  Seminaries. 


General  studies. 


Diflerential  and  inte- 
gral calculus,  n. 


Descriptive     geometry 
(with  projective  geom- 
etry). 
Exercises,  Praktika,  Seminaries. 


Exiwrimental  physics, 
II. 


Differential  equations 


Elementary    mechanics 
(with    graphical    and  I 
numerical  methods),     i 
Exercises,  Praktika,  Seminaries 


Introduction  to  chem- 
istry. 


Algebra  with  theory  of 
numbers. 


Curves  and  surfaces. 


Higher  mechanics. 


Exercises,  Praktika,  Seminaries. 


History  of  philos- 
ophy and  peda- 
gogy. 


Theory  of  functions. 


Curves     and     surfaces 
Surveying  with  ealca 
lus  of  probabilities. 
Exercises,  Praktika,  Senunaries. 


Theoretical     physics, 
L 


Logic. 


A  comprehensive  lec- 
ture. 


Astronomy 
physics. 


with    geo- 


Exercises,  Praktika,  Seminaries. 


Theoretical 
II. 


physics, 


Psychology. 


1  In  the  Praktikum  of  a  German  university  or  technische  Hochschule  instruction  is  not  confined  to  infor- 
mative lectures,  but  includes  guidance  in  practical  appUcation  of  the  knowledge  gained,  as  in  laboratory 
work  for  physics  and  chemistry,  case  procedure  for  law,  and  so  on. 

In  addition  to  this  there  wiU  be  added  in  most  cases  two  to  four 
semesters  during  which — 

the  industrious  student  finds  time  to  complete  these  studies  in  some  direction  which 
appeals  to  him.  Above  all  it  is  of  importance  that  he  deepen  his  study  in  some  special 
field,  in  which  it  may  well  happen  that  he  is  led  to  the  doctorate.  Candidates  with 
other  gifts  will  strive  for  a  suitable  extension,  not  too  far-reaching,  of  the  "specialty 
studies"  in  the  scheme  outlined  above. 

As  the  most  essential  point  of  this  scheme  one  may  well  put  forward  the  manifestly 
impelling  effort  to  make  the  mathematical  training  of  the  average  candidate  as  far  as 
possible  independent  of  the  special  fields  of  investigation  standing  for  the  time  being 
in  the  foreground  of  interest. 

II.  The  Grottingen  Vorschlage. 

The  employment  of  years  of  study  for  the  acquisition  of  a  general  training,  by  \'irtue 
of  which  the  candidate  may  later  understandingly  become  a  part  of  the  whole  organiza- 

»  Ratschl&gtfuT  die  Studierenden  der  Mathematikund  Physlkander  UniveTsitdtQdttingen,  Leipzig,  Teubner; 
1913,  pp.  30-31.  See  also  Jahresbericht  der  deatschen  Mithemitiker-  Vereinin^ung,  Band  22,  1913,  pp.  99-100, 
and  W.  Lorey's  Da3  Studium  der  Mathematik  an  den  deutschen  Universitdten,  pp.  291-292. 
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tion  of  the  school  in  which  he  has  to  work,  and  may  have  the  ability  to  make  himself 
potently  felt  in  his  department,  is  indeed  a  very  important  matter.  Important,  too, 
is  appreciation,  for  the  time  being,  of  the  pedagogic  problems  which  stand  in  the 
foreground  in  the  latrr  activity  of  his  calling. 

In  connection  with  thotk^'  matters,  however,  there  are  two  contrary  conceptions. 

The  one.  sustained  more  by  historical  tradition,  understands  general  training  as 
knowledge  of  an  encyclopedic  nature,  as  it  were,  of  just  those  fields  which  are  far 
removed  from  the  sf)ocial  studies  in  mathematics  and  natural  science,  such  as  historical, 
literarj',  or  even  artistic  phases  of  human  development.  According  to  this  conception 
the  pedagogic  instruction  puta  in  the  foreground  the  general  ideas  which  have  been 
euggeeted  in  the  course  of  history  with  regard  to  the  problems  of  education. 

The  other  more  modern  conception  demands  that  the  candidate  in  matliomatics  and 
natural  science  shall  be  in  a  position  to  establish  the  significance  of  his  mastery  of  a 
particular  field  of  instruction.  In  this  sense  we  must  refer  to  the  importance  which 
mathematics  and  natural  science  possess  for  the  logical  and  theory  of  knowledge  side 
of  philosophy,  for  psychology,  for  history  of  ci\'ilization  and  technolc^',  for  geography, 
finally  for  the  general  field  of  civic  interests.  The  biological  aide  of  natiu^l  science  is, 
besides  this,  the  basis  of  the  rational  theory  of  health,  and  it  has  to  that  extent  also  a 
quite  particular  importance  for  school  management.  Corresponding  to  this  conception 
it  would  be  desirable  that  the  candidate  at  the  university  should  soon  acquire  a  certain 
understanding  as  to  the  significance  which  his  scientific  studies  possess  for  the  didactics 
of  his  subsequent  field  of  instruction.  On  the  pedagogic  side,  however,  the  great  and 
important  field  of  child  study  opens  up. 

At  tlie  present  time  examination  procedure  always  follows  the  first  of  the  concep- 
tions. We  would  not,  however,  omit  to  mention  the  other  which  is  ever  gaining  cur- 
rency. We  do  not  recommend  definite  lectures  or  Praktika  in  one  or  the  other  direc- 
tion; rather  do  we  believe  that  verj'  much  which  is  worthy  of  attainment  here  is  better 
obtained  by  pri^•ate  study  or,  in  some  cases,  by  association  with  those  who  have  a 
similar  purpose.  \\'hichever  course  the  candidate  may  follow,  we  urgently  recom- 
mend that  during  the  years  of  his  university  study  he  shall  not  lose  sight  of  the  im- 
portance of  the  formation  of  his  own  style  and  delivery,  and  in  any  case  shall  attain  as 
great  knowledge  as  is  requisite  to  the  successful  pursuit  of  his  studies.  We  must  also 
think  of  and  observe  the  necessity  for  physical  exercises  so  that  on  the  side  of  the 
management  of  instruction  special  weight  be  laid  upon  the  acquisition  of  ability  to 
give  instruction  in  gymnastics. 

On  account  of  conflict  of  statements  in  authoritative  sources,  it 
seems  well  here  to  formulate  definitely  the  observation  that  even  the 
general  requirements  for  the  training  of  teachers  of  mathematics  in 
secondary  schools  are  not  the  same  for  all  the  eight  States  wo  have 
specially  considered.  Prussia,  Alsace-Lorraine,  and  Hamburg  each 
require  not  less  than  three  years  of  study  in  a  university  or  school  of 
teclmology,  but  all  the  other  States  require  not  less  than  four  years.'  All 
States  except  Wurttomberg,  apparently,  now  require  a  Seminarjahr; 
this  has  been  true  of  Bavaria  only  since  1912,  and  there  is  some  doubt 

<  According  to  a  n«w  }'ru.<isian  project,  which  had  t>eeii  fomiulat«'i  when  the  war  broke  out,  the  following 
^ange!^  in  the  training  of  s«coaiary-scfaool  teachers  were  contemplate'i:  (1)  A  minimum  of  four  iastea'l  o( 
three  years  of  study  at  a  university  or  school  of  technology:  (2)  iasteaiJ  of  a  major  and  two  minors  in  the 
special -subject  examination,  two  majors  and  one  minor;  (3)  following  the  lead  of  Bararia,  an  examination 
at  the  clo«  of  the  professional  training.  (See  L'  Enteignem^rU  mathijnatiqiu,  tome  18, 1916,  pp.  355,  356,  358; 
Lorey's  D<u  Stuiium  drr  itithematik  on  den  druLtchen  UniirrsitdUn,  pp.  254-25fl,  296;  and  Bnichte  und 
ititteilunyen,  reranlo-ut  durck  die  InUriKUitmaU  Malhcmatitcht  l/'tUrnchU-kommiuion,  No.  X,  Leipzig, 
Teubner,  1915,  p.  S6.) 
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regarding  Saxony.  The  Probejahr  is  not  required* in  at  least  three  of 
the  eight  States.  In  Wurttemberg  the  so-called  Probejahr  is  simply 
a  year  of  teaching.  Statements  made  to  the  effect  that  two  years  of 
professional  training  are  required  of  all  German  teachers  in  secondary 
schools  must  therefore  be  accepted  v/ith  considerable  reserve;  at 
least  four  States  do  not  have  two  years.  The  facts  may  be  exliibited 
in  tabular  form.  Note  that  the  requirements  in  Hesse  are  more 
extensive  than  those  in  the  other  States. 


States. 


1.  Prussia 

2.  Bavaria 

3.  Saxony 

4.  Wurttemberg.. 

5.  Baden 

6.  Alsace-Lorraine 

7.  Hesse 

8.  Hamburg 


Least  num- 

ber of 

years  I'e- 

Seminar- 

qiured  at 

jahr 

umversitv 

required? 

or  techni- 

cal school. 

3 

Yes 

4 

(') 

4 

? 

4 

No 

4 

Yes 

3 

Yes 

4 

Yes 

3 

Yes 

Probejahr 
required? 


Yes. 

No. 

? 

Yes{?) 

No. 

No. 

Yes. 

Yes. 


'  No,  before  1912:  yes,  since  1912. 

It  seems  a  little  curious  if  the  man  who  has  just  completed  his 
Seminarjalu"  in  Alsace-Lorraine,  where  there  is  no  Probejahr,  should 
be  immediately  qualified  to  teach  in  Prussia  (because  of  the  inter- 
changeability  of  certificates)  when  a  Prussian  must  submit  to  another 
year  of  training. 

Salaries  in  Prussia. — The  following  scheme  of  salaries  went  into 
effect  in  1909:1 

1.  Salaries  of  Provinzialschulrate:  6,300-8,100  marks  ($1,499.40-$1,727.80).^    The  in- 

crease of  600  marks  comes  at  the  end  of  three,  six,  and  nine  year  periods  of  service. 

2.  Salaries  of  directors  of  nine-year  schools:  (a)  In  Berlin,  6,600-7,800  marks  ($1,590. 80- 

$1,856.40); 2  (6)  in  other  cities,  6,000-7,800  marks  ($1,428-$1,856.40).2  In 
addition  to  these  salaries  directors  receive  a  rent  indemnity  of  1,800 
marks  ($428.40)  in  Berlin  and  900-1,500  marks  ($214.20-1347)  elsewhere. 
Salaries  in  both  (a)  and  (6)  increase  by  600  marks  every  three  years  till  the 
maximum  is  reached . 

3.  Salaries  of  directors  of  six-year  schools:  5,200-7,600  marks  ($1,237.60-$1,808.80).» 

The  rate  of  salary  increase  and  rent  indemnity  is  the  same  as  in  2. 

4.  Salaries   of   the    Oberlehrer,    teachers    of   science:  2,700-7,200   marks    ($622.60- 

$1,713.60).  The  salary  increases  occurafter  every  three  years  of  service.  Thefirst 
three  increases  amount  to  700  marks  each;  the  next  four  to  600  marks  each. 
The  Oberlehrer's  rent  indemnity  in  Berlin  is  1,200  marks  ($285.00);  in  ether 
places  560-880  marks  ($133.28-$209.44). 

5.  Salaries  of  scientific  assistants  from  whom  the  Oberlehrer  are  chosen:  2,100  marks 

($499.80)  for  the  first  year,  2,400  marks  ($571.20)  for  the  second,  2,700  marks 

'  Staiistischcs  Jahrbvxh  der  hohercn  Schulen,  XXXIII.    Jahrgang,  1912-13,  Leipzig. 
*  This  computation  is  made  on  the  l^asis  of  23.8  cents  to  the  marlc.    The.se  salaries  each  include  GOO  marks 
"pensionsfahigo  Zulage." 
'  These  salaries  each  include  400  marks  "pensionsfiihige  Zulage." 


GERMANY.  125 

($642.60)  for  the  third,  and  3.000  marks  t $71 1 )  for  the  fourth  year.  The  rent 
indemnity  for  Berlin  is  720  marks  (1171.36);  for  other  placed  290-580  marks 
($69.02-*i38.O4). 

In  other  parts  of  Germany  sjilaries  are  sometimes  not  quite  so 
high  (for  example  in  Ilesse),  but  in  Hamburg  directors  receive  as 
much  as  13,000  marks  without  residence  or  11,000  marks  with 
residence,  and  salaries  of  the  Oberlehrer  range  from  4,000  to  11,000 
marks  without  rent  indemnity.' 

Pensions. — In  practically  aU  of  the  States  of  the  German  Empire 
the  teachers  of  higher  schools  make  no  contribution  to  the  State 
pension  funds.  Such  pensions  may  therefore  be  considered  as  adding 
to  tlie  attractions  of  the  teachers'  positions. 

If  a  Prussian  teacher  is  retired  after  10  years  of  service,  he  receives 
33  J  per  cent  of  his  salary.  The  amount  of  pension  increases  with 
each  additional  3-ear  of  service;  after  25  years  it  is  58i  per  cent  of 
his  last  salary,  and  after  40  years  of  service  the  maximum  of  75 
per  cent  is  reached.  ^  The  period  of  service  includes  time  (1)  spent 
on  leave  of  absence;  (2)  in  the  Seminarjahr  and  Probejahr;  (3)  in 
military  service  if  performed  after  the  age  of  20. 

SLxteen  of  the  German  States  give  larger  pensions  after  40  years 
of  service  than  Prussia  does,  and  several  States  grant  40  per  cent 
of  the  salary  to  teachers  forced  to  retire  after  10  years  of  service. 
Three  States  (Hamburg,  Hessen,  Anliiilt)  give  the  full  salary  in 
pension  after  50  years  of  service.     (Statistischfs  Jahrbuch,  1913-14.) 

Prof.  J.  W.  A.  Young  has  calculated  that  a  very  rough  approxi- 
mation to  the  annual  cash  value  of  a  Prussian  teacher's  assurance 
of  a  pension  after  10  years  of  service  is  $222.^  If  this  be  added  to 
the  salaries  and  rent  indemnities,  we  find  that  the  range  of  income 
of  directors  is  from  §1,673.80  to  S2,50G.S0;  of  Oberlehrer  from 
$977.88  to  $2,145.04,  this  last  salary  being  the  reward  after  21  years 
of  service. 

Coriclvdin^  comment. — Characteristic  features  have  been  outlined 
to  indicate  a  fair  uniformity  of  procedure  throughout  the  Empire 
in  the  selection  of  teachers  of  mathematics  for  the  secondary  schools, 
and  it  has  appeared  that  in  very  few  of  the  26  States  does  the  standard 
fall  below  the  remarkably  high  one  set  by  Prussia.  The  possil)ility 
of  this  uniformity  is  largely  cau.sed  by  the  standardization  of  tUl 
secondary  schools  ''for  the  purpose  of  administering  niihtary  priv- 
ilege which  is  under  the.  control  of  the  Central  Government." 

In  Prussia  the  secondary  teachers  as  a  class  now  form  an  important 
group  in  the  social  system  of  the  country  as  the  result  of  struggle 
during  more  than  half  a  century  for  economic  equality  with  the 

«  For  tarth«r  details  with  regard  to  dilTerent  States  the  current  Statistucha  Jahrbveh  may  be  consulted. 

«  The  Teaching  of  Mathematics  in  the  Higher  Schools  of  Pruuia,  London,  1900.  p.  29.  Prof.  Young'sstate- 
ment  of  4224  is  derived  on  the  ba<;is  of  1  mark  as  the  equi\-alent  of  24  cents  instead  of  23.8  cents.  It  shouid 
also  be  remarked  that  Prol.  Young's  estimate  was  based  upon  a  lower  scale  of  salaries  than  la  now  In  force. 
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Richter  or  judges  of  the  lower  courts.  In  Ms  delightful  volume  on 
the  Oberlehrer,  Mr.  Learned  writes  as  follows: 

Owing  to  the  peculiar  atructure  of  the  German  State,  the  classes  of  public  servants 
are  numerous,  and  their  ranks,  rights,  titles,  and  privileges  are  elaborated  with  great 
nicety.  The  nine  grades  in  the  civil  service  make  a  fairly  accurate  basis  for  measure- 
ment of  public  importance,  and  class  differences  are  minutely  scrutinized.  Now  it 
happens  that  of  all  State  officials,  the  judges  in  courts  of  the  first  instance  are  most 
closely  comparable  to  the  Oberlehrer.  They  are  members  of  a  court  organized  on 
the  collegiate  principle;  they  have  approximately  the  same  training  as  the  Oberlehrer, 
and  are  not  far  from  the  latter  in  numbers. 

It  was  claimed  that — 

the  professional  quaUtications,  the  conditions  of  service,  and  the  social  obligations  of 
the  Oberlehrer  were  fully  equal  to  those  of  the  Richter;  that  the  service  of  the  Gym- 
nasien  to  society  was  not  inferior  to  that  of  the  law  court;  and  that,  primarily,  for  the 
sake  of  these  schools,  an  equal  rating  was  necessary  to  secure  the  ablest  brains  for  the 
profession  and  to  give  the  prestige  necessary  for  the  Oberlehrer  in  the  discharge  of 
his  duties. 

The  Kaiser,  Bismarck,  and  Paulsen  were  among  the  Oberlehrer's 
champions  in  the  fight  which  was  fuially  won  by  parliamentary 
decree  in  1909. 

The  instructors  in  a  secondary  school  of  Prussia  consist  of  (1) 
the  Probandus,  or  candidate  on  probation;  (2)  the  Hilfslehrer,  or 
part-time  instructor,  who  is  qualified  for  a  higher  position  but 
awaits  an  opening;  (3)  the  Oberlehrer;  (4)  the  professor;  (5)  the 
director.  The  title  of  professor  is  purely  honorary  and  was  granted 
as  an  offshoot  of  the  struggle  referred  to  above  for  improving  the 
social  standing  of  the  teacher.  The  ministry  may  appoint  one-third 
of  the  regular  staff  of  the  higher  school  to  a  rank  equivalent  to  that 
of  university  professor,  and  all  those  so  nominated  are  authorized 
to  use  the  title.  Although  it  was  intended  that  the  honor  should  be 
a  reward  of  merit,  in  practice  it  is  awarded  irrespective  of  merit 
to  the  upper  and  older  section  of  the  faculty 

As  for  the  number  of  hours  of  service  per  week,  German  teachers 
compare  weU  with  American  and  English,  but  badly  with  their 
French  colleagues.  Special  teachers  give  26  hours  of  instruction 
per  week;  Hilfslelirer,  24;  Oberlehrer,  22;  and  professors,  usually  20; 

but  all  are  liable  to  extra  work  without,  as  in  France,  extra  remuneration.  The  teach- 
ers are  expected  to  watch  over  their  pupils'  health,  to  prepare  their  lessons  carefully 
and  mark  their  exercises  regularly,  to  consult  the  director  before  undertaking  any 
private  work  and  the  Provinzialschulkollegium  before  venturing  to  marry,  and  above 
all  to  refrain  from  poUtical  controversy  and  pamphlet  writing.  It  will  be  noticed  that 
French  masters,  though  equally  civil  servants,  are  bound  by  none  of  these  petty 
regulations. 

In  addition  to  an  almost  overwhelming  burden  of  official  duties, 
the  director  must  usually  also  teach  12  to  15  hours  a  week.  But  in 
spite  of  his  great  responsibilities,  he  is  warned  that  even  in  official 
relations  with  teachers  he  should  not  emphasize  the  fact  of  his  pre- 
cedence.    As  Mr.  Learned  remarks,  "He  is  but  primus  inter  pares, 
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and  the  members  of  the  KoLlegiuin  do  not  lillow  him  to  ignore  or 
forget  the  fact. " 

Although  tlie  school  ohhgations  of  the  Oherlehrer  are  arduous,  it  is 
common  practice  for  him  to  supplement  his  small  salary  by  private 
tutoring  and  by  boarding  students  at  his  home,  lie  can  by  frugal 
management  comfortal)ly  rear  and  educate  a  largo  family,  while  con- 
stantly enjo3'ing  a  sense  of  security  in  the  teimro  of  his  ofiieo  and  in 
provisions  made  for  disability  and  advancing  age.  Moreover,  his  siocial 
status  in  the  community  is  of  importance  commensurate  with  that  of 
one  whom  Bismarck  declared  to  be  "the  most  important  factor  in 
patriotic  education  of  the  rising  generation." 

To  such  training,  career,  and  rewards  the  candidate  who  presents 
himself  for  preparation  as  a  teacher  in  a  secondary  school  in  Germany 
may  look  forward. 

The  scientific  publications  of  professors  in  secondary  schools  con- 
sist mainly  of  textbooks  and  of  discussions  of  methods  in  teaching. 
Among  mathematicians  who  have  produced  purely  scientific  work 
during  professional  activity,  the  notable  case  of  Grassmann  may  be 
cited. 

It  was  formerly  normal  for  a  university  professor  to  start  his 
career  by  teaching  in  a  secondary  school.  For  example:  Woierstrass, 
Clcbsch,  Fuchs,  Kummer;  and  among  those  hving,  Sturm,  Killing, 
Lampe,  and  Wangerin.  But  since  about  1870  this  has  happened 
rarely  At  the  Technische  Hochschule  in  Berlin  certain  courses  are 
given  by  secondary  school  professoi*s,  some  of  whom  have  been  called 
to  universities;  for  instance,  Jahnke  and  Salkowski.  At  Strassburg, 
Simon  has  been  both  professor  in  a  secondary  school  and  honorary 
professor  in  the  university  since  1903. 
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iilates.     New  York,  Macinillan,  1911.     10+335  pp. 

The  chapter  on  Certification  of  Teachers  in  Prussia  contains  a  tiseful  complete  redaction  of  the 

regulations. 

\V.  S.  LEARNED,  The  Oberlehrer.  A  Study  of  (he  Social  and  Professional  Evolution 
of  the  German  ScJtoolmaster.  (Rarvard  Studies  in  Education,  volume  1.) 
Cambridge,  Harvard  University  Press,  1914.     14+150  pp. 

F.  E.  BoLTON,  The  Secondary  School  System  of  Germany.  (International  Education 
Series.)     New  York,  Appleton,  1900.     19+398. 

C.  H.  JUDD,  The  Training  of  Teachers  in  England,  Scotland,  and  Germany.  (Bureau 
of  Education,  Bulletin,  1914,  No.  35.)    Washington,  1914. 

•'The  Training  of  Teachers  in  Germany,"  pp.  54-84;  secondary  teachers,  p.  74  f. 

C.  NORWOOD  and  A.  H.  HOPE,  Tfig  Higher  Education  of  Boys  in  England.     London, 

Murray,  190(». 

"Second   Education  in  Germany,"  pp.    102-127;   "Professional    Training    in  Germany," 
pp.  251-256. 

D.  E.   SMITH.    "German   versus  American  Conditions,''    Teadiers   College  Record, 

Columbia  University,  New  York,  March,   1912. 

Pages  5-11  of  The  Present  Ttaching  of  ilathemalict  in  Germany. 
M.  E.  SADLER,  "The  Unrest  in  Secondary  Education  in  Germany  and  Elsewhere" 
(pp.  1-192);  A..E.  TWKXTYMAN,  "Note  on  the  re\-isod  Curricula  and  Pro- 
grammes of  Work  for  Higher  Schools  for  Boys  in  Prti.ssia,  1901"  (pp.  193-20G). 
Education  in  Germany  (Special  Reports  on  Educational  Subjects,  volume  9). 
London,  Board  of  Education,  1902. 
M    E.  SADLER.    ■Problcnm  in  Pru.ssian  Secondary  Education  for  Boys,  with  special 
reference  to  .similar  questions  in  Kntjland  '  (pp.  83-2.')2);  H.  E.  D.  HA.M.MOND, 
"The  Higher  Schools  of  the  Grand  Duchy  of  Baden;  their  Development  and 
Organization"  (pp.  322^14).     (Special  Reports  on  Educational  Subjects,  vol- 
ume 3.)     London.  Board  of  Education,  1898. 
P.   ZIERTMANN,    "Education  in   Ciermany, "   Monroe's   Cyclopidin  <>f  E'lnmtion, 

vol.  3.  New  York,  1912.  Pp.  68-93. 
<;.  H.  M.  COORE.  'Educ-ation:  National  Systems,"  Enajclopaedia  Britannica, 
eleventh  edition,  1910. 
Germany  has  two  periodicals  which  are  specially  devoted  to  promoting  the  teaching 
of  mathematics:  {\)  Zeitschrift  fur  mathematischen  und  naturunssenschafllichen  Unterricht, 
(Leipzig,  Teubner),  founded  in  1870;  and  (2)  i'nterriehlshUiltrr  fiir  ilathematik  und 
Naturwissenschaften.  ^ Berlin,  Salle),  established  in  189.'j  as  the  organ  of  the  Verein  zur 
Forderung  des  mathematischen  und  naturwisaenachaftlichen  Unterricht. 

VtTiile  current  volumes  of  the  L'niversildls  Kalendar  indicate  all  lectures  delivered 
at  German  linivendtio?,  from  semrptor  to  sfmr.«<ter.  tiflr-s  of  mo«>t  of  those  on  mathe- 
matical topics  are  probably  more  readily  accessible  in  the  Bulletin  of  American  Mathe- 
matical Society  or  in  U Enseignement  Mathimalique . 


IX.  HTTNGARY. 


Exclusive  of  Croatia  and  Slavonia,  Hungary  is  about  109,000  square 
miles  in  extent  and  has  a  population  of  over  18,265,000,  of  which 
more  than  one-half  are  Hungarians  (Magyars). 

Hungarian  education  is  administered,  for  the  most  part,  by  the 
ministry  of  worship  and  public  instruction,  which  is  organized  in  10 
departments,  including  the  departments  of  elementary,  secondary, 
and  higher  education.  Although  not  all  schools  are  controlled  by 
the  State,  all  are  subject  to  State  inspection. 

SECONDARY  SCHOOLS. 

The  right  of  inspection  over  all  secondary  schools  was  given  hj  the 
secondary  school  act  of  1883.  Another  significant  feature  of  this 
law  was  that  it  gave  to  the  national  speech,  the  Hungarian  language, 
its  proper  place  in  instruction  by  directing  that  it  should  receive 
attention  in  all  school  courses. 

Secondary  schools  are  divided  into  Gymnasia  and  "Real  Schools." 
The  aim  of  these  schools  is  to  provide  boys  with  a  higher  general 
training,  and  to  prepare  them  for  the  universities.  The  Gymnasia 
attempt  to  carry  out  this  aim  by  means  of  a  humanistic  training, 
especially  classical;  the  Real  schools  by  means  of  modern  languages, 
mathematics,  and  natural  science. 

Tlie  secondary  school  course  of  eight  years  (Classes  I- VIII)  is  based 
upon  the  first  four  years  of  the  primary  school  course.^  In  the  Real 
schools,  the  pupil  studies  9-11  subjects  each  year  and  receives  28-30 
hours  of  instruction  per  week.  In  the  whole  course  30  hours  per 
week  of  class  work  have  been  devoted  to  mathematics  and  22  hours 
to  drawing  and  geometry,  or  two-ninths  of  the  total  number  of  hours 
in  the  course  has  been  assigned  to  these  two  subjects.  In  the  Gym- 
nasia this  proportion  is  reduced  to  two-tliirteenths.  Here  arithmetic 
is  taught  in  Classes  I-III;  algebra,  plane  geometry,  and  plane  trigo- 
nometry in  Classes  IV- VI;  algebra,  solid  geometry,  spherical  trigo- 
nometr}^,  and  graphs  in  Classes  VII-VIII.  In  the  Real  schools  these 
subjects  are  developed  at  greater  length,  especially  the  section  on 

'  The  six-year  courses  of  the  "burgher"  schools  (Polg&ri  iskol^k)  for  boys  are  also  based  upon  this  couKe 
but  the  form  and  manner  of  instruction  is  that  of  higlier  elementary  schools. 

In  Croatia  and  Slavonia  the  eight-year  course  of  secondary  education  is  in  the  Realgymnasia. 

The  Hungarian  scheme  of  secondary  education  is  almost  identical,  even  to  the  programs,  with  that  of 
Austria. 
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graphs,  wliich  bocomes  a  coui-so  in  j)lan(>  analytic  j];coniotrv.  Eii^ht 
houi-s  of  descriptive  geometry  also  come  into  the  program  of  Chassos 
VI-VIII  of  the  Real  schools." 

A  pubhc  examination  takes  phice  at  the  close  of  each  school  year. 
At  the  end  of  his  eightli  school  year  the  pupil  must  take  the  final 
examiiwtion.  This  examination  is  ])artly  written  and  partly  oral. 
The  oral  part  is  public.  The  student  who  passes  this  examination 
successfully  receives  a  "certificate  of  maturity."  lie  is  then  usually 
about  18  years  of  age. 

The  certificate  of  maturity  from  a  Gymnasium  entitles  the  j)Uj)il  to 
entrance  into  any  Hungarian  university.  The  certificate  of  maturity 
from  a  Real  school  entitles  a  puj^il  to  entrance  into  a  Polytcchnikum, 
or  the  mathematical  or  science  department  of  a  university. 

THE  UNIVER.SITIES  AND  POLYTECHNIKUM,  AND  SECONDARY  SCHOOL 

TEACHERS. 

In  Hungary  there  are  five  universities  maintained  by  the  State: 
Tlie  Univei-sity  of  Budapest,  with  over  7,000  students  and  the  chief 
center  of  classical  and  scientific  study  and  research  in  the  Kingdom; 
the  University  of  Kolozsvt\r,  with  over  2,000  students;  and  the  uni- 
versities at  Zftgrdb  (Agram),  Pressburg  (Pozsony),  and  Debreczen, 
the  last  two  of  wliich  were  founded  in  1912.'  The  Royal  Josefs- 
Poly  technikum  at  Budapest  has  about  170  professors  and  about 
1 .800  students. 

The  secondary  school  education  act  of  1883  gives  definite  instruc- 
tions concerning  the  training  of  secondary  school  professors.  The 
candidate  must  meet  the  following  requirements: 

(fl)  He  must  have  graduated  from  a  Gymnasium  or  Real  school.  In  the  latter  rase 
he  must  be  able  to  road  and  understand  easy  Latin,  for  example  Ctcaar's  writings, 
Ovid's  poetry,  and  Cicero's  letters. 

<h)  He  mu.st  havo  .spent  four  years  in  a  university  or  Polv-technikum  devoted  to  the 
study  of  the  special  pubjecte  he  wishes  to  be  (jualified  to  teach.  He  niu.«t  choose  at 
b'ast  two  subjects,  and  he  is  strongly  recommended  to  take  throe.  He  must  also  show 
(1)  proficiency  in  the  Hungarian  language,  literature,  history,  and  general  Hungarian 
culture;  (2)  a  thorough  acquaintance  with  pedagogy,  history,  principles  and  nietliods 
of  education;  (3)  a  knowledge  of  the  special  methods  of  teaching  hi.s  Bporial  .subjects; 
and  (4)  that  he  has  studied  logir.  psychology,  and  the  history  of  philasophy. 

(c)  \  year  of  practical  teaehini,'  in  a  secondary  school  after  the  comjilction  of  the 
four-year  university  courf>c>,  or  live  years  at  the  university  and  at  least  a  complete 
year  of  secondary  school  teaching  accomplished  during  that  time. 

The  candidates  are  examined  by  a  special  examination  commission 
organized  by  the  universities.     The  members  of  the  commission  are 


'  Neither  of  these  univeryitie.^  has  a  faculty  of  mathematics  and  science.  The  Uni%'crsity  of  Pressburg 
was  developed  from  the  Royal  .\cadcmy  of  Pre.sstmrp,  and  the  University  of  Debreczen  from  a  high  .school 
which  had  t>een  In  existence  for  over  300  years.  Cf.  Kept,  of  V.  8.  Commis.  Educ,  1916,  vol.  1,  Washington, 
1916,  pp.  6iH-9. 
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mostly  professors  from  the  universities  and  Polyteclmikum,  but  some 
are  also  Privatdocenten  or  eminent  secondary  school  professors. 

According  to  an  ordinance  of  1888  the  candidate  must  choose  at 
least  two  special  subjects  which  he  wishes  to  teach,  e.  g.,  mathematics 
with  physics  or  descriptive  geometry.  The  ordinance  recommends 
that  the  candidate  should  also  make  a  special  study  of  a  third  sci- 
entific subject  ^  or  else  of  philosophy. 

The  examination  is  threefold:  I.  The  general  examination  at  the 
end  of  the  fourth  semester;  II.  the  examination  on  special  subjects 
at  the  end  of  the  eighth  semester;  III.  the  pedagogic  examination 
at  the  end  of  the  next  year,  which  the  candidate  usually  employs  in 
professional  practice. 

Those  who  fail  in  an  examination  may  come  up  again  six  months 
later.  Those  who  fail  a  second  time  may  not  again  present  them- 
selves for  examination  till  a  year  later,  during  which  period  they 
must  have  attended  lectures  at  a  university  or  at  the  Polyteclmikum. 

I.  The  General  Examination  is  composed  of  two  parts,  an  oral  and 
a  written  examination.  The  former  is  public.  In  the  latter  and  in 
other  written  tests  10  hours  are  allowed.  The  candidate  must  write 
a  theme  in  the  Hungarian  language  on  some  subject  of  interest  in 
Hungarian  literature.    . 

In  the  oral  examination  the  mathematical  candidate  is  examined 

in — 

(1)  Plane  and  spherical  trigonometry;  (2 )  analytic  geometry ;  (3)  analysis — complex 
numbers,  infinite  series,  elements  of  the  theory  of  equations  and  of  differential  and 
integral  calculus;  (4)  descriptive  geometry— (o)  orthogonal  parallel  projection,  axo- 
nometry.  oblique  parallel  projection,  central  projection  and  eollineation;  (6)  elements 
of  the  constructive  theory  of  lines  and  surfaces;  (c)  shades  and  shadows;  {d)  perspec- 
tive; (5)^  physics^(o)  experimental  physics;  (b)  elements  of  analytic  mechanics;  (6) 
Hungarian  language  and  literature;  and  (7)  one  modern  language  (German,  French, 
English,  or  Italian),  with  the  literature  of  the  same. 

At  this  examination  the  candidate  must  be  provided  with  his  cer- 
tificate of  birth,  a  medical  certificate,  his  certificate  of  graduation 
from  a  secondary  school,  and  a  certificate  to  prove  that  he  has 
studied  the  requisite  time  in  a  university. 

It  may  be  well  to  give  indications  of  what  knowledge  is  expected 
for  the  above  examinations  in  analytic  geometry  and  in  analysis : 

In  analytic  geometry:  Points,  lines,  and  complete  discussion  of  conic  sections; 
generation  of  conies  by  projective  pencils,  parabolas  through  foiu-  points;  conies 
tlu-ough  five  points,  common  properties  of  two  conies,  pencils  of  conies  and  circles, 
radical  axis;  line  coordinates,  trilinear  coordinates,  principle  of  duality,  conies  in 
line  coordinates,  generation  of  a  conic  by  projective  ranges,  theorems  of  Pascal  and 
Brianchon;  point  coordinates  in  space,  lines  and  planes  in  space,  coordinate  trana- 

'  It  is  not  uncommon  for  a  candidate  to  offer  as  three  subjects  mathematics,  physics,  and  descriptive 
geometry. 

2  If  a  candidate  has  not  elected  to  specialize  in  both  (,4)  and  (5;  lie  is  examined  in  only  one  o.  them. 


HUNGARY.  133 

formation;  facility  in  determining  geometric  loci. — In  aualvHis;  Thorough  discussion 
of  irrational  and  complex  numbers,  De  Moivre'a  theorem,  general  theory  of  root  ex- 
traction (binomial  equations),  proi)ertiefl  of  roots  of  unity;  inlinite  series,  conditional 
and  unconditional  convergence,  series  with  complex  members;  convergency  of 
power  series,  circle  of  convergence,  continuity  of  power  series;  delinition  of  ele- 
mentary functions  by  power  series;  binomial,  exponential,  and  logarithmic  series; 
connection  between  exponential  and  trignnometric  functions;  Taylor's  and  Mac- 
laurin's  expant»ion8;  maxima  and  minima  of  one  and  of  several  variables;  multiple 
integrals,  surface,  volume;  fundamental  theorem  of  algebra  that  every  equation  has 
a  root;  symmetric  functions  of  the  roota;  cubic  and  biquadratic  equations;  approxi- 
mation methods  of  Horner  and  I-agrange;  elimination,  methods  of  Sylvester  and 
Bezout. 

n.  After  two  more  years  oi  iinivei'sity  study  the  oandidate  may 
present  himself  for  examination  in  his  special  subjects.  Five  months 
before  he  presents  himself  He  is  given  a  theme  in  each  of  his  sub- 
jects, upon  whic  h  he  has  to  vrr'\tc  a  dissertation.  In  this  dissertation 
the  candidate  must  show  familiarity  with  the  literature  of  the  sub- 
ject as  well  as  originality  and  knowledge  in  its  presentation.  All 
authorities  must  be  carefully  indicated.  Th&so  themes  are  passed 
upon  by  the  professors  of  the  examination  commission.  If  a  dis- 
sertation is  regarded  as  ''  insulFicient,"  another  one  has  to  be  prepared. 

In  addition  to  these  dissertations  an  oral  examination  is  required. 
In  this  the  candidate  must  show  decided  proficiency  in  each  of  his 
subjects.  All  aids,  except  a  table  of  logarithms,  are  forbidden.  In 
case  of  failure  at  the  oral  examination,  another  trial  maybe  made  in 
si.x  months.  Tiie  oral  examination  in  mathematics  is  on:  (1)  The 
mathematics  of  the  secondary  schools;  (2)  certain  parts  of  geometry, 
algebra,  and  analysis  common  for  all  candidates;  (3)  the  following 
five  subjects,  one  of  which  the  cantruhite  must  know  thorougldy, 
the  others  in  a  general  way — ia)  Motiern  geometry  and  the  theory 
of  algebraic  forms;  (b)  numl)er  theory  and  higher  alg('l)ra;  (c)  general 
theory  of  skew  curves  and  surfaces;  (d)  general  theory  of  analytic 
anil  elliptic  functions;  (e)  advanced    portions  of   integral  calculus. 

In  connection  with  (1)  the  candidate  miLst  not  only  display  such 
acquaintance  with  the  subjects  as  is  requisite  for  graduation,  but 
also  a  deeper  scientific  insight  into  elementary-  mathematics  and  a 
thorough  apj)reciation  of  rigorous  analysis.  F'acility  in  geometric 
ilrawing  is  also  refjuired.  As  to  (2)  the  general  examination  is  sup- 
plemented by  consideration  of  the  following  topics: 

Eleraenta  of  B\-nthetic  geometry',  ranges  and  pencils,  harmonic  and  anharmonic 
ratio,  involution,  projective  properties  of  conies;  point  coordinate-^  in  sjiaco.  different 
forms  of  the  equation  of  a  plane,  tetrahedrons,  classification  of  surfaces  of  the  second 
degree,  general  proportieg.  particular  siirfaces,  pencils  of  quadries:  adjoint  and  com- 
poimd  determinanta,  volume  of  tetrahedron  and  other  geometric  applications,  func- 
tional determinants;  continued  fra'tions  and  indeterminate  equations;  infinite 
products,  Wallia's  formula;  total  differential  equations,  existence  of  a  solution, 
general  and  particular  solutions,  simplest  difTerential  equations  of  the  first  and  second 
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order,  integrating  factor,   linear  differential   equations,   variation  of  the  constant, 
application  of  differential  equations  to  geometric  questions. 

Under  (3)  the  candidate  is  examined  in  the  subjects  indicated  in 
the  following  synopses: 

(a)  Homogeneous  coordinates  in  the  plane  and  in  space;  conies  and  quadrics  in 
these  coordinates;  symbolic  notation;  line  coordinates  in  space;  line  geometry; 
projective  properties  of  lines  and  surfaces;  singularities;  algebraic  forms;  binary  and 
temaiy  forma;  the  most  important  invariants  and  covariants;  general  theory  of 
quadratic  forms;  orthogonal  substitutions. 

(b)  Elements  of  number  theory;  congruences;  general  theory  of  quadratic  residues 
and  quadratic  forms;  general  theory  of  algebraic  numbers;  substitutions  and  groups; 
rational  functions  of  roots  of  an  equation;  resolvents;  cyclotomy;  Abel's  equations; 
conditions  for  the  solution  of  algebraic  equations;  theorems  of  Sturm,  Sylvester,  and 
Hermite  on  the  separation  of  roots  of  an  equation;  theory  of  elimination;  chief  proofs 
of  the  fimdamental  theorem  of  algebra  (Gauss,  Cauchy,  etc.). 

(c)  Skew  curves:  Tangent  and  normal  planes,  first  and  second  curvature,  evolutes; 
curved  surfaces;  tangent  and  normal  planes,  lines  on  sxu-faces,  surface  elements, 
tangency  of  surfaces;  theory  of  curvature,  lines  of  curvature,  orthogonal  surfaces, 
confocal  quadrics,  Dupin's  theorem,  elliptic  coordinates,  conformal  representation 
of  surfaces;  geodesic  lines;  partial  differential  equations  of  siu'faces;  theory  of  ruled 
surfaces. 

(d)  Fimctions  of  a  complex  variable:  Single  and  multiple-valued  functions,  Rie- 
mann's  surfaces,  integration  of  functions  of  a  complex  variable,  analytic  expressions 
for  single  and  multiple  valued  functions,  Dirichlet's  principle;  algebraic  functions, 
logarithms,  trigonometric  integrals;  the  three  kinds  of  elliptic  integrals  and  reduction 
of  general  elliptic  integrals,  the  modulus  of  periodicity  of  integrals;  periodic  func- 
tions in  general,  fundamental  properties  of  elliptic  functions,  theta  functions, 
development  into  series;  Abel's  theorem,  the  problem  of  transformation. 

(e)  The  more  important  definite  integrals,  multiple  integrals,  Fourier  series  and 
integrals,  gamma  functions,  spherical  harmonics;  fundamental  ideas  of  the  calculus 
of  variations,  variation  of  fimctions,  simple  and  multiple  integrals,  maxima  and 
minima,  second  variation;  simultaneous  differential  equations  (general,  complete, 
and  singular  solutions),  partial  differential  equations  of  the  first  order;  partial  differ- 
ential equations  of  the  second  order,  integration  of  partial  differential  equations  of 
mathematical  physics  by  means  of  infinite  series,  methods  of  Monge  and  Ampere. 

In  descriptive  geometry  and  'physics,  elaborate  requirements  are 
also  made.  To  this  oral  examination  the  candidate  must  bring  his 
certificate  to  show  he  has  passed  the  general  examination,  and  a 
certificate  to  show  that  he  has  studied  two  years  further  in  the 
university  or  Polytechnikum, 

III.  A  year  after  the  special  examination,  the  candidate  may  pre- 
sent himself  for  his  examination  in  pedagogy.  This  consists  of  a 
philosophic  or  pedagogic  dissertation,  and  an  oral  examination  in 
history  of  philosophy,  logic,  psychology,  pedagogy,  history  of  peda- 
gogy, and  special  methods  for  teaching  mathematics.  The  exam- 
iners have  constantly  in  mind  the  candidate's  qualifications  with 
regard  to  teaching  aU  classes  of  the  secondary  schools.  There  is  no 
such  thing  in  Hungary  as  a  teacher's  being  qualified  to  teach  only 
in  the  lower  classes  of  the  State  secondary  schools.  We  have  seen 
that  this  is  not  unusual  in  Austria. 


HUNGARY.  135 

In  pursuing  the  courses  loiuling  to  these  exjimiimtions  l)rilhiuit 
students  may  receive  un  annual  stipend  i»f  1 ,000  crowns  ($200). 
The  plan  of  study  requires  not  less  than  20  houi"s  u  week  of  lectures. 
In  the  tirst  two  years  are: 

Hifltory  of  Hunparian  literature  (2  eemostors,  2  hours  weekly);  Hungarian  language 
(1  8.,  2  h.);  Hungarian  culture  (1  8.,  1  h.).  In  tlu-  third  and  fourth  years  are:  Logic 
(1  9.,  2  h.);  paychology  |,1  s,  2  h.);  theoretical  pedagogy  (1  a.,  2  h.);  history  of  philoe- 
ophy  (1  B.,  2  h.);  historj-  of  pedagogy  (1  a.,  2  h.). 

Lectures  on  subjects  of  the  group  mathematics  and  physics  are  dis- 
tributed as  follows  (all  subjects  run  through  the  year): 

First  year:  Geometry  and  analysis  (9-12  hours);  algebra  and  number  theory  (3 
hours);  experimental  physics  (7  hours). 

Second  year:  Analysis,  continued  (3  hours');  geometry,  continued  (2  hours);  algebra 
or  number  theory  (3  hours);  exercises  with  reference  to  the  program  of  the  secondary 
schools  (2  hours);  mechanics  (6  hours);  numerical  exercises  in  phy.sics  (2  hours). 

Third  year:  Special  lectures  in  mathematics  (5  hours);  mathematical  exercises  (2 
hours);  scientific  treatment  of  the  subjects  in  the  secondary  schools  (2  hours);  theo- 
retical ph>-¥iics  (4  hours);  exercises  in  experimental  physics  (5  hours). 

Fourth  year':  Special  lectures  in  mathematics  (5  hours);  mathematical  exercises 
(2  hours);  scientific  treatment  of  the  subjects  in  the  secondary  schools  (2  hours); 
theoretic  physics  (4  hours);  chemistry  (2  hours). 

For  the  group  niatheinatics  and  descriptive  geometry,  the  schedule  is 
as  follows: 

First  year:  Geometry  and  analysis  (9-12  hours);  algebra  and  number  theory  (3 
hours);  descriptive  geometry  (^-6  hours);  constructive  drawing  (7  hours). 

Second  year:  Continuation  of  analysis  (3  hours);  continuation  of  geometry  (2  hours); 
algebra  and  number  theory  (3  hours);  exercises  with  reference  to  the  program  of  the 
secondary  schools  (2  hours) ;  projective  geometry  (2  hours) ;  special  lectures  on  descrip- 
tive geometry  (2  hours*;  review  and  questions  of  descriptive  geometry  (3  hours). 

Third  year:  Special  lectures  in  mathematics  (5  hours);  mathematical  exercises  (2 
hours);  scientific  treatment  of  secondary  school  mathematics  (2  hours);  special  lec- 
ture.s  and  exercises  in  descriptive  geometry  (4  hours). 

Fourth  year:  Sp>ecial  lectures  in  mathematics  (5  hours);  scientific  treatment  of 
secondary  school  mathematics  (2  hours);  mathematical  exercises  (2  hours);  special 
lectures  and  exercises  in  descriptive  geometry  (4  hours). 

In  Budapest  the  student  may  attend  such  courses  in  both  tlie  uni- 
versity and  the  Polytechnikum. 

TheBiiron  Eotvos  College  in  Budapest  is  an  important  institution — 

the  object  of  which  is  to  give  deserving  students  of  the  Budapest  Univen^ity  who 
intend  to  enter  the  teaching  profession  an  opportunity  for  holding  social  intercourse 
with  their  fellows  and  for  acquiring  the  theoretical  and  practical  knowledge  necessary 
to  qualifv-  them  for  their  work.  The  college  ia  directly  subordinate  to  the  minister  of 
public  instruction,  who  delegates  his  authority  to  the  curator.  For  expert  guidance  of 
the  resident  students  four  tutors  (chosen  by  the  curator  from  among  the  teachers  in 
the  service  of  the  State)  are  appointed,  by  the  minister  (for  periods  of  three  years  in 
rotation)  for  special  duties.  They  are  present  in  the  college  during  the  hours  devoted 
to  private  study  to  give  indi\'idual  or  combined  instruction  to  the  candidates,  and,  as 
occasion  arises,  to  hold  sjx'cial  courses  of  lectures. 
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We  have  yet  to  consider  the  institutions  where  our  future  second- 
ary school  professor,  who  has  completed  his  four  years  in  the  univer- 
sity, receives  a  year  of  professional  training. 

Under  the  direct  control  of  the  minister  of  education  is  a  State 
Training  College  (fomided  in  1895)  for  Secondary  Teachers.  It  is 
established  at  Budapest,  and  its  aim  is  to  train  university  students 
for  the  profession  of  teaching.  The  students  all  live  together  in  the 
training  college,  and  continue  their  university  studies  simultane- 
ously with  their  pedagogic  training.  At  the  head  of  the  college  is  a 
curator,  and  under  him  are  four  professors  who  are  appointed  by  the 
minister.  It  is  the  duty  of  these  professors  to  teach  the  students  the 
principles  underlying  education,  and  to  show  them  how  they  can  be 
applied.  The  students  teach  in  a  Gymnasium  connected  with  the 
training  college  for  that  purpose.  The  methods  adopted  are  Her- 
bartian  as  worked  out  by  Ziller  and  Stoy.  At  the  end  of  each  school 
year  the  curator  and  professors  formally  confer  together  in  regard  to 
the  students'  progress,  and  weed  out  the  unsatisfactory  ones.  Stu- 
dents may  not  remain   in  the  college  longer  than  four  years. 

There  is  also  the  famous  Pedagogic  Seminar  at  Budapest,  founded 
in  1872  by  Dr.  Karman.^  This  institution  was  modeled  on  Ziller's 
"Seminar"  at  Leipzig.  It  has  three  distinct  aims:  (1)  To  be  a  g3^n- 
nasium;  (2)  to  be  a  practice  school  for  secondary  teachers;  (3)  to  be 
an  institution  for  promoting  special  methods  of  teaching  in  Hungarian 
secondary  schools. 

The  students  in  the  Budapest  Pedagogic  Seminar  are  young  men 
who  have  spent  eight  years  in  a  secondary  school  and  four  years  in  a 
university  and  have  passed  the  general  and  special  examinations 
given  by  the  examination  commission. 

They  make  a  thorough  study  of  the  theory  of  special  secondary 
school  teachmg  in  comiection  with  practical  experience  of  the  same. 
Their  philosophic  and  theoretic  studies  are  already  completed.  The 
staff  consists  of  leadmg  professors  of  special  subjects,  a  professor  of 
pedagogy,  and  a  director. 

After  each  candidate  announces  the  special  subject  he  wishes  to 
teach,  he  is  placed  under  the  direction  of  the  professor  of  that  subject. 
At  first  he  is  not  himself  permitted  to  teach,  but  he  must  attend  all 
the  lessons  the  directing  professor  gives  to  the  various  classes;  he 
must  then  work  out  series  of  lessons  under  the  direction  of  the  pro- 
fessor; and  after  about  three  months  he  may  begin  to  teach.  The 
professor  is  always  present  at  his  lessons  to  offer  him  advice  and 
criticism. 

Every  week  there  is  a  Praktikum  or  criticism  lesson.     In  the  early  , 

part  of  the  year  these  lessons  are  given  by  the  professors,  with  the 

, — i 

'  For  a  description  of  this  Seminar  the  following  articles  on  "Das  Padogogische  Universitats-Seniinar  i 
in  Budapest"  in  Padagogische  Studien  (Neue  Folge  herausgegeben  von  W.  Rein  at  Dresden)  may  be  con- 
sulted in  Jahrgang  8  (1887),  pp.  21&-222,  by  E.  Leonhardt;  in  Jahrgang  9  (18S8),  pp.  99-103.     It  will  also  . 
be  of  interest  to  turn  to  M.  KarmAj^  Beispiel  eines  rationallen  Lehr plans  filr  Gi/mnasien,  Halle  a  S.,  1890. 
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whole  S(Mniiijir  prosont.  In  tho  ItitUM-  part  of  the  j'^oar  the  canclichitos 
give  the  lessons,  and  conferences  are  held  two  days  after  each  lesson, 
in  which  all  points  raised  hy  the  Pruktika  are  fully  discussed.  Twice 
a  week  a  Theontikum  is  held  in  which  general  principles  and  special 
methods  of  secondary  school  teaching  are  discussed. 

Teachers  of  secondary  schools  attain  to  full  service  after  three  years'  probationary 
Ber\ice.  At  this  stage  tliey  receive  an  annual  salary  of  2,000  crowns  (1100)  in  the 
capital,  and  1,(J00  crowns  ($320)  in  the  {)roviiKi'3.  The  teachers  under  lull  appoint- 
ment are  di\'ided  into  two  classes.  Salaries  in  the  lower  class  begin  at  2, COO  crowns  and 
rise  by  periodical  increase,  to  3,200  crowns;  in  the  higher  classes  the  salaries  increase 
by  successive  additions,  from  3, COO  to  I.-IOO  crowns.  l>ircctor3  receive  from  4,800  to 
6,000  crowns. 

After  10  years'  service,  according  to  the  regulations  of  1894,  a 
teacher  is  entitled  to  a  pension  of  40  per  cent  of  his  salary,  and  for 
each  year  of  further  service  the  pension  increases  by  3  per  cent,  so 
that  at  the  end  of  30  years'  service  the  teacher  may  retire  on  full 
salary. 

Teachers  contribute  to  the  pension  fund  one-third  of  the  excess  of 
a  year's  salary  above  690  crowns,  and  one-third  of  every  increase  in 
salary.     These  sums  are  paid  only  once. 
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Italy  is  about  110,600  square  miles  in  extent,  and  its  population 
of  upward  of  36,000,000  is  in  general  perfectly  homogeneous  in 
language,  except  for  about  250,000  people  of  French,  Teutonic, 
Slavonic,  Albanian,  Greek,  and  Spanish  origm. 

The  educational  system  of  the  country  is  under  the  direction  of  a 
minister,  who  is  a  member  of  the  cabmet  and  either  a  deputy  or  a 
senator.  He  is  assisted  and  in  some  respects  controlled  by  the  con- 
siglio  superiore  or  higher  council  which,  in  accord  with  legislation  of 
1909,  has  36  members.  These  members  consist  of  6  senators  elected 
by  the  Senate,  6  deputies  (not  university  professors)  elected  by  the 
Chamber  of  Deputies,  12  members  nominated  by  the  mmister,  and 
12  designated  by  the  ordinary  and  extraordinary  university  pro- 
fessors. The  consiglio,  on  request  of  the  minister,  prepares  and 
examines  all  bills  and  general  provisions  relating  to  the  organization 
of  schools,  appointment  of  professors,  etc.  The  power  of  control  on 
the  part  of  the  consiglio  is  illustrated  by  the  fact  that  the  minister 
can  neither  dismiss  nor  suspend  a  professor  without  its  consent. 

Three  departments  of  the  ministry  of  public  mstruction  are  con- 
cerned, respectively,  w^ith  elementary  and  normal  education,  secondary 
education,  and  higher  education. 

SECONDARY  SCHOOLS. 

The  secondary-school  training  of  Italy  is  based  upon  four  years' 
preparation  in  the  elementary  schools  (pupil's  age  6  to  10  years). 
Apart  from  certain  normal  schools  there  are  two  broad  types  of 
secondary  schools:  (1)  Classical  schools  and  modern  schools  with 
Latin;  (2)  modern  schools  without  Latin,  and  technical  schools.  Of 
the  first  type  there  is  the  ginnasio,  with  a  five  yearg'  course  leading 
up  to  the  liceo,  whose  three  years'  course  prepares  for  entry  into  the 
universfities.  The  second  type  includes  the  scuola  tecnica  and  scuola 
complementare,  each  with  a  three  years'  course.  They  are  preparatory 
for  such  schools  as  the  istituto  tecnico,  with  a  four  years'  course,^ 
and  the  istituto  nautico,  with  a  course  of  three  years. 

I  As  an  exception  the  course  for  the  industrial  section  of  the  istituto  di  Bergomo  lasts  five  years. 
Concerning  mathematical  instruction  in  technical  schools  and  institutes,  see  G.  Scorza,  L'insegnamento 
della  matcmntica  ncUe  scuole  e  negli  Isiiluti  tecnici.  (Commissione  internazionale  l'insegnamento  mate- 
matico.)    Roma,  1911.    34  pp. 
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In  1912-13  the  relative  numbers  of  thoso  schools  for  boys  and  girls 
were  as  follows : 

Oovcmment.     Private. 

Normal  schools 141  124 

Ginnaal t 2'Ji  262 

Lic-ei 162  77 

Technical  schools 314  207 

Technical  institute? 79  32 

Mercantile  marine  institutes 20  0 

No  student  is  admitted  to  a  secondary  school  unless  he  has  i)asscd 
an  examination  called  maturitd. 

The  course  of  study  in  the  classical  ginnasio  includes  the  Italian 
language  and  hteraturo,  Latin,  Greek,  French,  mathematics,  and  a 
little  drawing  and  natural  history.  In  the  corresponding  Uceo, 
pliilosophy,  physics,  and  chemistry  are  taught  in  addition  to  all  the 
subjects  (except  French)  of  the  ginnasio.  In  the  "modern"  ginnasi 
and  licei,  established  by  an  act  of  1911,  Greek  is  no  longer  taught; 
instruction  in  Italian,  Latin,  French,  German,  or  English,  geography 
and  history,  mathematics,  natural  history,  drawing,  and  physical 
culture  is  given  at  these  ginnasi.  Besides  these  the  course  at  the 
corresponding  hcei  includes,  in  addition,  poHtical  economy,  phil- 
osophy, civics,  physics,  chemistry,  astronomy,  and  physical  geog- 
raphy. In  cities  having  a  ginnasio  and  a  Uceo,  the  two  schools  are 
combined  in  a  liceo-ginnasio.  The  "modem"  schools  with  Latin 
are  being  established  in  those  cities  which  have  more  than  one  liceo- 
ginnasio.  The  licema  ffinnasiale,  or  diploma,  of  a  ginnasio  repre- 
sents the  standard  of  training  for  minor  posts  in  the  civil  service 
and  for  the  licei.  The  diploma  licenza  Vicenh,  awarded  after  the  sat- 
isfactory completion  of  the  eight-year  period  of  secondary  education, 
admits  to  the  universities. 

At  this  time  the  student  who  has  taken  the  possible  mathematical 
courses  of  the  liceo  has  been  taught — 

In  algebra:  Equations  of  the  first  and  second  degree,  progressions,  theory  of  indices, 
theory  of  logarithms,  binomial  theorem,  irrational  numbers,  prime  numbers  and 
divisibility,  indeterminate  equations  of  tin-  fin't  degree.  In  qeometry:  Relations  of 
positions,  equality  of  s-^lids;  proportion  and  similitude  in  plane  geometry;  measure- 
ment; theory  and  application  to  plane  geometrv-;  practical  rules  for  the  measure  of 
curved  surfaces  and  of  solids;  equivalence  and  similitude  of  solids;  theory  of  the 
measure  of  curved  surfaces  and  of  8f)lid-*;  applications  of  algebra  to  geometry.  In 
Iriyonnmetnj.    Through  the  solution  of  plan*'  and  spherical  triangles. 

This  work  is  covered  by  four  hours  a  week  of  work  in  the  first  year, 
three  hours  in  the  second,  and  two  in  the  third. 

From  these  indications  we  observe  that  in  the  liceo-ginnasio 
mathematics  does  not  occupj*  the  central  position,  as  in  corresponding 
schools  of  other  countries  such  as  France. 

In  the  physico-mathematical  section  of  an  istituto  tecnico  six 
hours  a  week  are  devoted  to  arithmetic,  algebra,  and  geometry  in 
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the  first  year;  five  hours  to  the  same  subjects  in  the  second  year; 
and  five  hours  in  the  third  year  to  algeljra,  geometry,-  plane  and 
spherical  trigonometry,  and  the  elements  of  descriptive  geometry. 
All  of  the  mathematical  subjects  of  the  liceo-ginnasio  are  here  treated 
much  more  fuHy.  Tlie  following  topics  are  sometimes  introduced: 
Geometry  of  the  triangle,  geometrography,  derivatives  and  their 
applications  to  maxima  and  minima,  equations  of  the  third  and 
foiu"th  degree,  probabilities,  determinants,  history  of  elementary 
mathematics. 

Tiiorough  grounding  in  geometry  is  characteristic  of  Italian 
secondary  schools.  It  is  only  necessary  to  recall  in  this  connection 
the  works  of  Sannia  and  D'Ovidio,  Faifofer,  Lazzeri  and  Bassani,  and 
de  Paolis. 

Having  thus  gathered  impressions  as  to  subjects  in  which  a  teacher 
of  mathematics  in  leading  secondary  schools  has  to  give  instruction, 
let  us  next  consider  those  schools  where  the  mathematical  teachers 
are  trained. 

THE  UNIVERSITIES  AND  TRAINING  OF  SECONDARY  SCHOOL  TEACHERS. 

The  term  "university"  is  applied  in  Italy  only  to  those  schools 
of  the  highest  grade  in  which  students  are  instructed  in  special 
branches  for  the  professions  of  their  choice.  Tiiere  are  in  Italy  21 
universities,*  17  bearing  the  description  ''royal"  and  receiving  State 
subsidies  and  4  independent  of  Government  control.  Tiie  free  uni- 
versities are  at  Perugia,  Ferrara,  Urbino,  and  Camerino.  The 
oldest  university  was  founded  at  Bologna  about  1200  and  the  youngest 
at  Palermo  in  the  early  nineteenth  centui'y.  The  other  universities 
are  at  Padua,  Macerata,  Naples,  Genoa,  Pavia,  Rome,  Pisa,  Siena, 
Turin,  Catania,  Parma,  Messina,  Sassari,  Cagliari,  and  Modena.  The 
largest  university  is  at  Naples,  where  there  were  more  than  4,000 
students  in  1913-14;  in  point  of  size  the  university  at  Rome,  with 
over  3,000  students,  ranks  next. 

Repeated  efforts  have  been  made  to  reduce  the  number  of  royal  universities,  which 
exceed  both  the  needs  and  the  resources  of  the  nation.  As  a  consequence  a  few 
vigorous  universities  are  found  in  th"-  same  class  with  a  numl)er  of  struggling  insti- 
tutions that  are  quite  unal)le  to  maintain  standards  and  prestige.  The  condition 
has  been  the  subject  of  much  discussion  in  the  legislature,  but  so  far  no  modification 
has  resulted.  ^Meanwhile  complaints  have  arisen  that  the  standards  of  secondary 
education  are  depressed  as  a  consequence  of  the  competition  for  students  on  the  part 
of  the  universities.^ 

1  There  are  about  a  score  of  schools  known  as  "superior  institutes,"  which  have  the  scholastic  program 
of  universities.  Though  private  they  are  more  or  less  under  the  control  of  the  Government.  Probably 
the  oldest  now  in  existence  is  that  founded  at  Florence  in  the  fourteenth  century.  An  acceunt  of  mathe- 
mat  ics  taught  in  the  five-year  course  of  tlie  Reale  Istituto  Tecnico  Superiore  at  Milan  is  given  by  V.  Snyder 
in  •'  Mathematics  at  an  Italian  Technical  School,"  Bulletin  of  the  American  Mathematical  Society ,  December, 
191{i,  vol.  23,  pp.  149-151. 

»  Rep.  Comtnis.  of  Educ,  191.3-14.    Washington,  1915,  vol.  1,  pp.  757-758. 
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The  faculty  of  sciences  in  the  imivcrsity  ha-^  a  section  of  mathe- 
matics in  which  the  object  is  twofold:  (1)  To  give  to  future  engineers 
the  preparation  which  wiU  fit  them  for  the  Scuolo  di  Applicaziono 
(schools  of  applications);  (2)  to  prepare  candidates  for  the  degree  of 
doctor  in  mathematics.'  This  degree  is  a  prerequisite  for  teachers  of 
mathematics  in  secondary  schools. 

Preparation  for  the  degree  requires  four  years  of  stutly,  the  first 
two  leading  to  the  liccnza.  The  courses  followed  during  this  period 
are  in  physics,  inorganic  and  organic  chemistry,  algebraic  analysis, 
infinitesimal  anal}^is,  analytic  geometry,  projective  geometry, 
descriptive  geometry,  and  dra^ving. 

The  licenziati  dell'universita  then  attend  lectures  at  a  school  for 
preparation  of  secondary  school  teacheis  (scuola  di  magistero)  an<l 
follow  courses  at  the  university  in  five  or  six  of  the  following  subjects: 
Higher  analysis,  higher  geometr}-,  higher  mechanics,  theoretical 
geodesy,  astronomy,  mathematical  phirsics.  The  scuole  di  magistero 
are  connected  with  the  faculties  of  sciences,  and  in  them  one  or  two 
professors  give  lectures  on  methods  of  teaching,  etc.  The  diploma  di 
magistero  obtained  from  these  scuole  is  a  distinct  advantage  to  its 
holder  when  he  is  seeking  a  position  in  secondary  teaching. 

At  the  end  of  a  year  the  Uccnziato  generally  offers  himself  for 
examination  in  at  least  three  of  his  five  courses;  his  second  year  is 
largely-  occupied  with  his  dissertation  and  the  preparation  of  his 
minor  theses.  The  Ibial  examination,  which  is  oral,  is  hekl  before  a 
commission  of  1 1,  consisting  of  7  professor's  of  the  faculty  and  4  privati 
docenti.  If  the  examiners  award  the  candidate  a  mark  of  not  less 
than  60  per  cent,  he  is  proclaimed  dottore  in  matematiche  pure  by 
the  dean  of  the  faculty. 

It  very  often  happens  that  candidates  add  to  the  required  four 
years  of  study  a  fifth,  for  the  preparation  of  the  dissertation  and 
for  attendance  at  sj)ecial  courses  such  as  those  of  the  K.  Scuola 
Normale  Su{)eriore  of  Pisa  and  of  the  "Istituto  consorziale"  of 
Pavia,  or  of  the  recently  established  mathematical  seminaries  of  the 
faculties  of  science  at  Home  and  Naj>les. 

\Vhile  the  annual  number  of  mathematical  dottori  in  Italian  uni- 
versities has  not  appreciably  increased  in  the  last  30  yeaiN.  the 
number  of  secondary  schools  has  greatly  augmented,  and  the  problem 
of  procuring  proi)erly  qualified  teachers  has  been  a  very  difficult  one 
to  deal  with.  Furthermore,  the  problem  is  not  altogether  one  of 
numbers.  It  is  strongly  felt  by  many  that  while  the  larger  universi- 
ties furnish  an  admirable  scientific  training,  far  too  little  attention 
has  been  paid  to  the  professional  and  practical  training. 

The  first  appointment  of  a  toacher  in  a  secondary  school  is  for  three  yearfl.  after 
which  the  appointment  may  bo  made  permanent  if  the  inspector's  report  is  favorable; 

'  A  dortor''  dreree  is  requirod  for  admission  not  only  to  the  professions  (physician,  lawyer,  teacher  in 
secondary  school,  etc.),  but  also  to  the  highest  grade  clerkships  in  the  Government  service  In  all  branches. 
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if  not,  the  appointment  is  extended  for  another  year,  when  the  teacher  is  definitely 
appointed  or  dismissed.  During  this  probationary  period  the  teacher  (professore)  is 
called  extraordinary  (straordinario);  after  the  definite  appointment,  ordinary  (or- 
dinarioy    As  a  rule  a  teacher  is  appointed  for  a  single  study  or  for  two  related  subjects. 

Teachers  in  the  first  thi'ee  classes  of  the  ginnasio  receive  as  salary 
about  $347  (1,800  lire)^  a  year  (if  extraordinary)  and  from  $386  to 
$926  (2,000  to  4,800  lire)  if  ordinary.  In  the  case  of  the  teachers  in 
the  Ucei  and  in  the  fourth  and  fifth  classes  of  the  ginnasi  these  sal- 
aries are  increased  to  $414  if  extraordinary  and  $482  to  $1,042  (2,500 
to  5,400  lire)  if  ordinary.^ 

All  ordinary  teachers  receive  four  c|uinquennial  increases  in  salary 
of  500  lire  each.  An  increase  of  one-tenth  of  tliis  salary  is  made  at 
the  end  of  two  six-year  periods.  "In  tliis  way  they  pass  from  the 
minimum  to  the  maximum  salaries  as  given  above.  Two  of  the  four 
fixed  increases,  but  not  two  consecutive  ones,  may  be  anticipated  one 
year  in  the  case  of  exceptionally  able  teachers. " 

Headmasters  in  schools  are  appointed  from  teachers  who  have 
taught  for  tliirteen  years,  and  from  a  hst  compiled  by  the  consigho 
superiore — 

in  accordance  with  results  of  inspections.  They  are  appointed  for  a  first  period  of 
five  years,  during  which  they  teach  and  receive  extra  compensation  varying  from 
750  to  1,000  lire  a  year.  After  the  probationary  period  they  are  permanently  appointed 
and  receive  salaries  not  higher  than  5,750  lire  for  such  schools  as  ginnasi  and  6,500  lire 
for  schools  of  the  licei  standard.  Schools  equivalent  to  Government  schools  must 
pay  the  same  salaries. 

Tlie  teacher  is  entitled  to  a  pension  proportional  to  liis  salary  and 

the  length  of  his  service.     A  pension  equal  to  the  full  salary  at  the 

time  of  retirement  is  due  to  the  teacher  who  has  served  continuously 

for  25  years  or  more.     In  case  of  his  death  two-thirds  of  the  pension 

awarded  to  the  husband  or  father  is  paid  to  the  widow  or  to  the 

children  if  orphans. 

NORMAL  SCHOOLS. 

The  normal  schools  form  a  third  type  of  school  in  secondary  edu- 
cation. All  that  has  been  stated  above  with  reference  to  the  appoint- 
ment, salaries,  and  pensions  of  hcei  teachers  apphes  to  teachers  in  the 
normal  schools.  Their  courses  are  designed  to  qualify  teachers  for 
the  primary  schools. 

'  In  certain  cases  when  a  teacher  would  have  only  a  few  hours  a  week  a  temporary  appointment  is  made. 
Such  appointments  are  also  made  if  a  regular  appointee  can  not  be  found  for  the  place,  and  in  schools  with 
a  large  number  of  pui)ils  wlicn  it  is  necessary  to  divide  classes  and  the  regular  teacher  can  not  take  charge 
of  all. 

2  The  lira  equals  19.3  cents. 

»  A  comparison  of  these  salaries  with  those  of  university  professors  may  be  of  interest.  In  accordance 
with  a  recent  law,  the  salary  of  the  ordinary  professor  of  State  universities  is  fixed  at  7,000  lire  minimum; 
that  of  the  extraordinary  professor  at  4,500  lire.  The  salary  of  the  ordinary  professor  may  be  increased 
until  a  maximum  of  10,000  lire  is  reached  through  quinquennial  increases  of  750  lire  each.  The  salary  of  the 
extraordinary  or  special  professor  has  a  one-tenth  quinquennial  increase,  but  must  never  exceed  the  initial 
salary  of  an  ordinary  professor. 
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A  liconziato  of  a  scuola  teciiica  is  jiroparoil  to  cuter  a  scuola  nonnale 
with  its  course  of  three  years.  To  stuilents  with  the  licenza  giiinasialo 
many  pmiasi  olTer  a  two-year  corso  inajjistrale. 

The  j)hin  of  stuches  for  a  scuohi  iiornuUe  includes  pedajjofjy,  etliics, 
Itahan.  history,  i:co«;raphy.  the  elements  of  matliematics,'  accounting, 
piiysics.  chemistry,  natural  history,  and  hy»;iene,  drawin*;.  j)ennian- 
>hip.  singing,  agriculture,  gymnastics,  practice  in  elementary  schools, 
and  manual  training. 

In  England  and  the  I'nited  States  it  is  important  that  a  teacher 

should  be  able  to  maintain  discipline  in  tlic  classroom.     But  in  Italy 

matters  are  ordered  diilerently. 

Younpstors  in  tlu'ir  early  toen.s  aim  to  shape  municipal  policies;  they  pet  up<icnion- 
strations  and  indi-jnation  meetintrs,  and  go  on  strikes  uhcn  tlu-ir  iii.striu  tors  fail  to 
comport  themselves  to  their  liking.^ 

In  the  universit)' — 

there  are  unannounced  holidays.  At  periods  of  political  excitement  the  students 
have  a  patriotic  custom  of  marching  on  the  professors  for  speeches.  Should  the  doora 
he  locked  they  will  applaud  enthusiastically  thereon  with  hands  and  feet.  As  there 
is  no  discipline  to  deal  with  these  cases,  and  it  is  not  etiquette  to  introduce  the  police, 
the  authorities  frequently  adopt  the  prudent  course  of  closing  the  university  until 
word  arrives  that  the  students  are  ready  to  return  to  ordinarj-  academic  ways. 
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Tlie  area  of  Japan  proper  is  less  than  150,000  square  miles,  and  its 
total  population  is  about  56,000,000. 

One  of  the  most  prominent  features  of  its  educational  system  is  the 
almost  absolute  centralization  of  authority.  Educational  affairs 
are  administered  b}^  a  department  of  education,  at  the  head  of  which 
is  the  minister  of  education,  who  is  a  member  of  the  imperial  cabinet 
and  is  directly  or  indirectly  in  charge  of  everything  pertaining 
to  education.  He  is  assisted  by  a  vice  minister,  several  directors  of 
bureaus,  and  a  number  of  councilors  and  secretaries.  The  depart- 
ment of  education  was  first  definitely  established  in  1871,  and  in  the 
following  year  there  was  issued  a  code  which  stipulated  that  the  whole 
country  should  be  divided  into  8  large  educational  districts,  each  with 
a  university.  Each  of  these  districts  was  to  be  subdivided  into  32 
intermediate  educational  districts,  each  with  a  secondary  school,  every 
one  of  which  was  in  turn  to  be  further  subdivided  into  210  small  edu- 
cational districts,  each  with  an  elementary  school.  This  plan,  which 
bore  striking  resemblance  to  the  French  scheme,  was  found  too  am- 
bitious to  cany  out  in  its  entirety.  Elementary  schools  were  indexed 
established  largely  as  planned.  The  standard  for  secondary  schooh 
is  still  unsettled  although,  since  the  promulgation  of  the  code,  reforms 
in  secondary  education  have  been  of  a  sweeping  character.  As 
recently  as  April,  1912,  certain  new  reforms  went  into  effect.  Of 
these  I  will  take  no  account  in  what  follows.  As  to  the  universities, 
not  more  than  one  of  the  four  in  existence  is  20  years  old,  so  that  this 
branch  of  the  educational  system  falls  far  short  of  the  ideal  of  the 
code. 

Immediately  above  the  elementary  course  of  six  years  is  the  middle 
scliool  com'se  of  five  years,  "socially  obligatory"  for  membership  in 
the  educated  class.  A  one-year  supplementary  course  is  sometimes 
offered.  Pupils  begin  in  the  middle  school  at  the  age  of  12  years. 
Next  in  order  to  the  middle  schools  comes  the  higlier  middle  school, 
whose  course  extends  over  three  j^ears.  Much  of  the  discussion  as  to 
secondary  education  is  centered  upon  the  question  whether  this  school, 
intermediate  between  the  middle  school  and  the  university,  is  to  be 
affiliated  with  the  former  or  with  the  latter.  On  the  whole  the  ten- 
dency seems  to  be  in  the  direction  of  giving  greater  prominence  to  the 
higher  general  education.  And  the  aim  of  the  higher  middle  school 
is  preparation  for  the  different  faculties  of  the  university.     There  are 
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four  im])orii\l  univorsitios  at  present,  namely,  those  at  Tokyo,  at 
Kyoto  (the  ancient  capital'),  at  Kiushiu  (the  southern  ishmd),  and  at 
Tdhoku  ("northensteni").  The  normal  a^o  of  a  stuilent  )>repare(l  to 
enter  a  univei-sity  is  ahout  20  or  21.  In  the  hi^ijlier  mitldle  school  he 
has  covered  tlie  work  of  about  the  fii"st  two  years  in  an  American 
collef]:e  of  the  better  class. 
Baron  Kikuchi  writes: 

In  all  cases  graduation  from  one  school  is  a  qualification  for  entrance  into  the  next 
higher  stage,  but  in  recent  years  the  demand  for  higher  education  has  increased  at 
such  a  rate  that,  notwithstanding  the  ver\-  great  and  rapid  expansion  of  educational 
resources,  a  competitive  examination  for  admission  has  to  be  held  at  almost  every 
stage,  the  number  of  candidates  for  admission  being  from  twice  or  three  times  toeven 
in  some  cases  as  large  as  10  times  the  number  of  those  that  can  be  admitted. 

Tliis  is  particidarly  true  of  the  higlier  middle  schools,  of  which  there 
are  only  eight.  Tlie  students  wlio  arrive  at  the  univei-sity  are  thus 
hkely  to  be  the  6lite  of  the  youthful  intellectuals. 

Tlie  onl}'  branch  of  mathematics  taught  in  the  ehmentnry  scliooh 
is  arithmetic.     There  is  much  jiractice  in  sorohan  calcidations.' 

In  the  middle  schooh:  Aritlmietic  (conclusion);  algebra  th.rough 
such  subjects  as  ratio  and  proportion,  progressions,  permutations  and 
combinations,  binominal  theorem  with  positive  index;  logarithms; 
elements  of  plane  and  solid  sjmthetic  geometry,  as  in  Baron  Kikuchi's 
book  which  is  based  upon  the  syllabi  of  the  Association  for  the  Im- 
provement of  Geometrical  Teaching;  plane  trigonometry,  through 
the  solution  of  triangles. 

Tlio  competitive  examination  for  entrance  into  the  higher  middle 
schools  is  exces.-^ively  severe  and  of  a  nature  that  is  far  from  winning 
general  approval.  Tlie  examinees  are  picked  boys  from  over  300 
middle  schools  scattered  all  over  the  country.  Among  them  are 
those  who  have  failed  one,  two,  three,  or  even  more  times.  The 
percentage  of  those  who  succeed  on  first  trial  is  small. 

In  the  higher  middle  schools  there  are  three  sections;  the  first  is  for 
those  who  wish  to  enter  the  faculty  of  law  or  litorature  in  the  uni- 
versity; the  second  for  those  who  wish  to  enter  the  faculty  of  science, 
technology,  or  agriculture,  or  a  certain  part  of  the  faculty  of  medicine; 
the  subjects  in  the  third  section  are  religion,  the  Japanese  language, 
foreign  languages  (German  and  either  Engli.sh  or  French),  Latin, 
mathematics,  physics,  chemistry,  zoology,  botany,  and  gymnastics. 
The  chief  mathematical  training  is  given  in  the  second  section.  The 
subjects  of  study  include  trigonometry,  algebra,  analytic  geometry, 
and  calculus. 

In  trigonometry,  Todhunter's  "Plane  Trigonometry  for  the  use  of 
Colleges  and  Schools"  is  used  as  a  textbook. 

>  The  soroban  is  a  variety  of  abacus. 
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In  algebra,  besides  R,  Fujisawa's  "Sequel  to  Elementary  Algebra" 
(written  in  Japanese),  Todliunter's  "Algebra  for  the  Use  of  Schools 
and  Colleges"  and  C.  Smith's  "Treatise  on  Algebra"  are  used  as  texts. 
Some  of  the  topics  discussed  are :  Inequalities ;  theory  of  determinants ; 
theory  of  probability;  theory  of  numbers;  continued  fractions;  inde- 
derminate  equations;  convergency  and  divergency  of  infinite  series; 
symmetric  functions  of  roots;  cubic  and  biquadratic  equations; 
methods  of  elimination. 

In  anaUjtic  geometry,  besides  Kikuchi's  "Plane  and  Solid  Analytic 
Geometry,"  Puckle's  "Conic  Sections  and  Algebraic  Geometry" 
and  N,  S.  Aldis's  "Treatise  on  Solid  Geometry"  are  used  as  texts. 

In  differential  and  integral  calculus  the  textbooks  used  are  those  of 

Todhunter  and  Williamson.     Tlie  chief  books  of  reference  in  current 

use,  though  not  necessarily  confined  to  higher  middle  schools,  are  the 

calcidus  tieatises  by  Kiepert,  Czuber,  J.  A.  Serret,  Byerly,  Lamb, 

GreonhiU,  as  well  as  Appell's  "Element  d' Analyse  Mathematique" 

and  J.  W.  Mellor's  "Higher  Mathematics  for  Students  of  Chemistry 

and  Physics." 

THE  UNIVERSITIES. 

Tlie  higher  middle  schools  are  preparatory  institutions  for  the 
imperial  universities,  where  the  greater  part  of  the  students  enter  tl  e 
college  of  engineering.  The  first  article  of  the  imperial  ordinance  for 
the  founding  of  imperial  universities  reads :  ' '  Imperial  universities  s*ha^l 
have  for  their  objects  the  teaching  of  such  arts  and  sciences  as  are 
required  for  the  purpose  of  the  State,  and  the  prosecution  of  original 
research  in  such  arts  and  sciences."  Tlie  second  article  of  the  same 
ordinance  runs:  "Each  imperial  university  shall  consist  of  a  univer- 
sity haU  and  faculties,  the  university  hall  being  established  for  the 
purpose  of  original  research,  and  the  faculties  for  instruction  theo- 
retical and  practical."  At  present  only  three  of  the  universities  have 
faculties  of  science.  The  length  of  a  course  is  either  three  or  four 
years.  At  the  end  of  every  year  there  is  a  thorough  examination. 
A  graduate  is  entitled  to  call  himself  gakushi  or  "graduate  of  a 
university  faculty." 

Owing  to  the  insufficiency  of  schools,  boys  are  often  required  to  pass 
competitive  examinations  in  going  from  an  elementary  to  a  middle 
school  as  well  as  from  a  middle  to  a  higher  middle  school.  Moreover, 
as  is  only  natural,  some  of  them  may  not  be  able  to  finish  a  school 
course  in  the  prescribed  number  of  years.  Thus  it  happens,  not 
infrequently,  that  a  student  roaches  the  age  of  30  or  thereabout 
by  the  time  he  has  finished  his  university  course. 

The  newer  universities  are  modeled  upon  the  University  of  Tokyo, 
which  is  far  more  completely  organized.  At  this  university  the  fol- 
lowing mathematical  courses  are  offered  in  the  faculty  of  science; 
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F1H8T    YEAR. 

Diff»>rontial  and  into^ral  calculus,  four  hours  a  week  throujrh  the  three  terms  of  the 
year.  This  includes  dincus^xion  of:  Volume  and  area  of  surfaces;  moments  of  inertia; 
intean^ation  of  or<linary  differential  equations  of  the  first  and  hipher  orders  and  their 
applications:  linear  and  simultaneous  differential  equations;  calculus  of  variations. 

Solid  analytical  geometry,  four  hours  for  one  term.  Lines;  planes:  surfaces  of  the 
second  de;;ree;  elements  of  the  peneral  theory  of  surfaces. 

Projective  geometry,  two  hours  a  week  in  second  and  third  terms.  Synthetic  and 
analytic  discussion  of  projective  forms  of  the  first  order;  curves  of  the  seconrl  decree 
and  second  class. 

Select  chapters  in  elementary  matlicmatic.M.  thr-e  hours  a  week  in  sciond  and 
third  terms.  Elementary  algebra;  domain  of  rationality  and  divisibility  of  integers, 
of  rational  integral  functions  of  one  variable  and  of  many  variables:  algebraic  solutions 
of  the  general  equations  of  the  first,  the  second,  the  third,  and  the  fourth  degrees. 
Sturm's  theorem,  etc. 

Astronomy  and  least  squares,  three  hours  a  week  through  the  year.  Some  of  the 
topics  are:  Spherical  trigonometn,-;  fixed  stars:  sun:  calendar:  planets:  moon;  eclipses; 
rotation  of  planets:  precession  and  nutation;  theorj'  of  probabilities;  law  of  errors; 
method  of  leaat  squares. 

General  physics,  three  hours  a  week  through  the  year. 

SECO.ND    YEAR. 

General  theory  of  functions  and  theorj-  of  elliptic  functions,  three  hours  a  week 
through  the  year. 

Differential  and  integral  calculus  and  differential  equations,  two  hours  a  week 
through  the  year.  Topics  here  discussed  are:  Fourier's  series  and  integrals;  Legen- 
dre's  and  Bessel's  functions  and  hypergeometric  .-.ri.s  t(,i;i!  and  partial  <lifl<T<'MtiaI 
equations,  etc. 

Theory  of  numbers  and  algebra,  five  hours  a  week  through  the  year. 

Higher  eeoraetrj-,  three  hours  a  week  through  the  year.  Differential,  noneuclidean, 
or  descriptive. 

General  dynamics,  three  hours  a  week  through  the  year. 

THIRD   YEAR. 

The  titles  of  the  courses  in  this  year  are  practically  the  same  as  those  in  the  second; 
the  student  is  lead  on  to  deal  with  advanced  topics. 

Other  courses  in  astronomy  and  theoretical  physics  are  also  given, 
but  further  details  are  not  germane  to  our  subject. 

PREP.A RATION  OF  MIDDLE  SCHOOL  TEACHERS. 

To  bocomo  a  regular  teacher  in  a  middle  school  it  is  necessary  to 
have  a  license  granted  by  the  minister  of  education.  This  is  given 
(1)  witliout  examination  to  graduates  of  Govenmicnt  scliools  and 
institutes  especially  established  for  training  teachers  and  to  others  spe- 
cified later,  and  (2)  after  examinations  to  still  others.  The  examina- 
tions are  conducted  at  least  once  a  year  by  an  examining  board 
appointed  from  among  the  professors  of  the  imperial  universities,  of 
higher  normal  schools,  of  higher  technical  schools,  and  of  similar  insti- 
tutions. Tlie  examinations  for  teachers'  licenses  in  mathematics  are  of 
ionr  grades:  Tac  first  consisting  of  arithmetic,  algebra,  and  geometry; 
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the  second  of  trigonometry;  the  third  of  analytic  geometry;  and  the 
fourth  of  differential  and  integral  calculus.^  The  examinations  are 
held  separately  for  each  grade,  and  at  the  same  time  there  is  a  test 
as  to  sufficient  knowledge  of  the  outlines  of  pedagogy  and  of  pedagogic 
methods.  Teachers  of  mathematics  in  the  middle  schools  are  not 
regarded  as  fully  equipped  for  their  work  unless  they  have  been  success- 
ful in  passing  the  examination  for  all  four  grades.  The  majority,  how- 
ever, simply  have  licenses  in  the  first  grade.  Graduates  of  the  regular 
and  special  courses  in  mathematics  in  the  higher  normal  schools,  as 
well  as  certain  others,  are  regarded  as  having  successfully  passed  the 
examinations  in  all  four  grades  and  are  entitled  to  licenses  in 
them  all. 

HIGHER  NORMAL  SCHOOLS. 

The  schools  specially  established  for  the  training  of  teachers  con- 
sist of  higher  normal  schools,  of  which  there  are  two  at  present,  one 
'  at  Tokyo  and  the  other  at  Hiroshima.  The  single  temporary  institute 
engaged  in  training  teachers  in  mathematics  is  located  at  Sendai. 

Each  of  the  higher  normal  schools  has  a  four  years'  course,  one 
year  preparatory,  and  three  years'  regular  course.  The  preparatory 
course  is  common  to  all  students.  The  regular  coui"se,  in  which  only 
special  subjects  are  taught,  is  divided  into  five  departments,  that 
having  special  interest  for  us  being  called  the  "Department  of  mathe- 
matics, physics,  and  chemistry."  Tiiis  in  its  turn  is  divided  into  two 
minor  divisions,  one  for  students  of  mathematics  and  physics,  and 
the  other  for  students  of  physics  and  chemistry. 

Students  entering  the  preparatory  course  of  the  higher  normal 
schools  are  mostly  graduates  of  middle  schools  or  of  normal  schools, 
or  are  students  recognized  to  have  scholarship  equal  to  that  of  the 
graduates  of  either  of  these  schools.  In  the  Tokyo  Higher  Normal 
School,  out  of  applicants  from  all  parts  of  the  Empire  only  those 
are  admitted  who  have  the  highest  grade  in  the  entrance  examina- 
tion. At  present,  in  the  department  of  mathematics,  physics,  and 
chemistry,  about  50  are  admitted  as  preparatory  students  out  of 
three  or  four  hundred  applicants.  In  Hiroshima  the  method  of 
selection  is  different,  but  the  number  in  this  department  is  less  than 
at  Tokyo. 

In  both  schools  students  enter  at  the  average  age  of  21;  so  that  the 
average  age  of  graduates  is  25. 

The  students  in  the  preparatory  course  of  the  Tokyo  Higher  Nor- 
mal School  are  required  to  take  30  hours'  classroom  work  a  week,  of 
which  4  hom"s  are  devoted  to  mathematics — making  a  total  of  160 
hours  for  the  year.  Of  these,  20  to  25  hom"s  are  given  to  arithmetic, 
40  to  45  hours  to  algebra,  some  50  hom's  to  geometry,  and  about 

1  Copies  of  these  examination  papers  for  1911  are  given  in  Appendix  F. 
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30  hours  to  phino  tri»;onomotry.  Tlio  work  is  basod  upon  that  of  iho 
midtUe  school  rather  than  ihat  of  the  normal  school,  \vhich  is  fuller 
and  more  advancoil.  Nearly  the  same  instrui-lion  is  j^iveii  in  the 
preparatory  course  at  Hiroshima. 

In  the  Tokyo  lli«;lier  Xormal  School  the  lii'st-year  students  of  the 
department  of  mathematics,  physics,  and  chemistry  arc  reciuired  to 
take  a  total  of  2t)  hours  of  classroom  work  a  week  tlu'ou<:hout  the 
year,  in  addition  to  hoiu>i  for  lahorator}-  experiments  in  ph}'sics  and 
chemistry.  Of  the  2G  hoiu^,  2  are  devoted  to  al^'el)ra,  2  to  trij^o- 
nomctry,  and  2  to  geometry.     Tiio  topics  taken  up  are: 

Jnalgebra — Iuc<iuaIitio3;  theory  of  quadratic  equation.^;  maxima  and  minima;  "i|iia- 
tiona  of  higher  degree;  aimiiltaneous  (juadraticy;  ralio,  proportion,  and  variaiioii; 
eeriee;  progressions;  permutations  and  combinations;  binomial  and  multinomial  the- 
orems;   limiting  values;    exponential  theorem;    logarithmic  series;    determinantf. 

Jn  geometry — Foundations  of  geometry;  definitions  and  axioms;  noneuclidean  geom- 
etrj-;  demonstrations  of  theorems;  maxima  and  minima;  geometric  loci;  problems 
of  geometric  constructions;  geometry  of  the  triangle;  modem  geometry;  history  of 
elementary  geometry-. 

In  trigonometry — Identities;  relations  between  the  sides  and  angles  of  a  trianple 
and  a  quadrilateral;  measurements  of  heights  and  distances;  inverse  trigonometric 
functions;  trigonometric  equations;  trigonometric  inequalities;  maxima  and  minima; 
trigonometric  solution  of  algebraic  equations;  use  of  tables  of  trigonometric  functions, 
and  tabU-s  of  logarithms;  construction  of  these  tables;  rules  of  proportional  \)a.Tt^. 

The  courses  in  algebra  and  trigonometry  are  required  for  all  stu- 
dents in  this  department,  but  students  specializing  in  physics  and 
chemistry  may  substitute  for  the  course  in  geometry  described  above 
a  course  in  cartesian  geometry. 

The  second  and  third  year  students  are  divided  into  two  sections, 
the  one  consisting  of  those  who  take  mathematics  and  physics  as 
their  specialties  and  the  other  of  those  who  take  physics  and  chem- 
istry. The  students  of  both  sections  have  23  hours  of  classroom 
work  per  week  in  all  subjects.  To  students  of  the  first  section  exper- 
iments in  physics  and  exercises  in  mathematics  are  assigned  outside 
of  these  hoiu^.  In  the  second  year,  G  of  the  23  hours  are  devoted  to 
liigher  algebra,  modern  gcbmetr}-,  and  analytic  geometry.  In  addi- 
tion 4  hours  a  week  are  allotted  to  mathematical  exercises  or  to  lec- 
tures on  mathematical  subjects. 

Higher  algebra,  two  hours  a  week.  Some  of  the  subjecta  treated  are:  Infinite  prod- 
ucts; continued  fractions;  indeterminate  equation.^;  properties  of  rational  integral 
functions;  algebraic  equationb;  symm^jtric  functions  of  roots  of  equations  and  their 
applications;  solutions  of  numeric-al  equations;  elementary  theory  of  numbers;  divis- 
ibility; congruencea. 

Analytic  geometry,  lour  houTB.  Some  of  the  topic-s  are:  Straight  lines;  circles;  par- 
abolas; ellipses;  h}-perbola«;  general  equation  of  the  second  degree;  systems  of 
coni(«;  homothetic  and  similar  couica;  coordinates  in  space;  lines  and  planes;  Bur- 
faces  of  the  second  degree. 
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Of  the  four  hours  for  mathematical  exercises  two  are  devoted  to 
supplementing  the  above-mentioned  course  of  algebra,  with  assigned 
exercises  in  algebra.  Tiie  remaining  two  hom's  are  devoted  to  lec- 
tures, some  subjects  of  which  are  as  foDows: 

Complex  numbers;  De  Moivre's  Theorem;  roots  of  a  number;  binomial  equations, 
relations  of  surds;  trigonometric  factorizations;  powers  of  a  complex  number  the 
exponent  of  which  is  a  complex  number;  logarithm  of  a  complex  number;  expan- 
sions in  trigonometric  series;  demonstrations  of  theorems  and  solutions  of  problems 
in  Euclidean  space;  problems  impossible  of  geometric  construction — trisection  of  an 
angle,  duplication  of  the  cube,  quadrature  of  the  circle;  transcendence  of  e  and  tt; 
constructible  regular  polygons. 

In  the  third  year  the  students  are  engaged  in  practical  teaching 
during  the  whole  of  the  last  term.  Dm'ing  the  first  two  terms  23 
hom's  a  week  are  devoted  to  lectures,  of  which  10  hours  are  in  mathe- 
matics, as  follows : 

Differential  and  integral  calculus,  six  hours.  Some  of  the  topics  are:  Higher  differ- 
ential coefficients  and  differentials;  curvature  of  plane  curves;  evolutes  and  invo- 
lutes; functions  of  two  variables,  partial  differentials;  total  differentials;  surfaces  and 
osculating  paraboloids;  indicatrix;  principal  curvatures;  curves  in  space;  tangent, 
normal,  l^inomial,  principal  normal,  rectifj-ing  line  and  cone,  curvatures  and  spher- 
ical curvatures;  Gregory's  series,  evaluation  of  tt;  existence  theorem  of  integral  cal- 
culus; differentiation  and  integration  under  the  integral  sign;  qiiadrature  of  areas; 
center  of  graA-ity ;  moments  of  inertia;  Lagrange's  interpolation  formulEe;  mechanical 
(juadrature;  nonequidistant  ordinates  of  Gauss;  Eulerian  integrals,  Stirling's  formu- 
Ise;  linear  differential  equations  with  constant  coefficients;  characteristic  equations; 
particular  and  general  solutions;  differential  equations  of  the  first  order,  singular 
solutions;  existence  proof  according  to  Lipschitz;  uniqueness  of  solutions;  linear 
equations  of  the  second  order;  Fourier's  functions,  trigonometric  series;  equations  of 
potential  functions,  of  small  vibrations,  and  of  heat  diffusion. 

Two  hours  a  week  are  given  to  discussion  of  additional  work  in  Analytic  geometry: 
General  theory  of  curves;  construction  of  curves  in  rectangular  and  polar  coordinates; 
singular  points;  lima^on,  epicycloid;  spiral  of  Archimedes;  logarithmic  spiral;  stro- 
phoid;  etc. 

The  remaining  two  hours  are  allotted  to  problems  in  calculus  and  dynamics:  Veloci- 
ties and  accelerations;  straight  motions;  circular  motions;  parabolic  motions;  ellip- 
tic motions;  constrained  motions;  elements  of  rigid  djoiamics  and  hydrodynamics. 

The  mathematical  requirements  in  the  Hiroshima  Higher  Normal 
School  are  very  similar  to  those  in  the  Tokyo  school.  The  aim  in 
teaching  mathematics  in  both  of  these  schools  is  to  develop  in  the 
student  a  well-disciplined  logical  faculty,  to  lead  him  to  acquire  a 
practical  loiowledge,  and  to  heighten  his  aesthetic  sense  of  scientific 
beauty. 

Among  the  graduates  of  the  higher  nonnal  schools  there  are  a  very 
limited  number  who,  instead  of  immediately  engaging  in  teaching,  take 
the  graduate  course.  This  course,  still  looking  toward  the  teaching 
of  mathematics  in  middle  schools,  prescribes  theories  of  mathematics 
considerably  in  advance  of  those  discussed  in  the  regular  course. 
The  ami  is  to  strengthen  the  student's  grasp  on  the  fundamentals  of 
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mathomatics  proscribed  by  the  curriculum  of  middle  schools.  An 
a<'C()unt  of  tlie  condition  of  inathciMatical  instruction  throufzliout. 
the  worlil  is  generally  iriven.  The  theory  of  nunihers,  hijjher  aliiehra, 
theory  of  curves  and  surfaces,  hydrodynamics,  etc.,  are  sometimes 
ofTereti.     The  time  allotteil  is  fn>m  6  to  IJ  hours  per  week. 

Very  few  of  the  jjrailuates  of  the  hij;her  normal  schools  enter  the 
imperial  universities  for  further  study. 

The  mathematical  requirements  in  the  wSendai  Institute  are  abiiost 
identical  with  those  iji  the  hij^her  normal  schools. 


Besides  the  three  institutions  mentioned  above  whose  .s:raduates 
are  given  teacher's  licenses,  tliere  is  a  private  school  m  Tokyo,  called 
the  Tokyo  Butsuri  Gakko  (Physics  School  at  Tokyo),  most  of  whose 
graduates  go  out  to  teach  in  the  middle  schools.  The  graduates  of 
this  school,  however,  are  required,  in  order  to  obtain  teachers'  licenses, 
to  pass  the  examiuation  conducted  every  year  by  the  educational 
department.  Similar  conditions  obtain  in  conjiection  with  the 
recently  esta])li>hed  Waseda  I'niversity,  a  private  institution  which 
has  establislied  a  liigher  normal  course  containing  a  branch  for 
trauiing  teachers  of  mathematics. 

Teachers'  licenses  in  mathematics  are  also  given  without  examina- 
tion to  the  follow uig: 

1 .  Graduates  of  the  schools  named  below  or  of  their  special  courses, 
having  the  approval  of  the  minister  of  education:  (a)  Mathematical 
course,  astronomical  course,  theoretical  |)hysics  course,  experimental 
physics  course  of  the  Science  College,  Tokyo  Imperial  University; 
(6)  mathematical  course,  physics  course,  of  the  Science  and  Kngineer- 
ing  College.  Kyoto  Imperial  University;  (c)  mathematical  course, 
physics  course  of  the  Science  College,  Tohoku  Imperial  University. 

2.  Graduates  of  a  normal  or  a  middle  school  who  have  studied 
three  or  more  years  at  any  of  the  schools  recognized  by  the  minister 
of  education  as  qualifyijig  students  for  teachers'  positions. 

li.  Graduates  of  a  normal  or  a  middle  school  who  have  studied 
abroad  at  a  university  or  at  a  school  of  similar  grade  and  have  degrees 
or  diplomas  from  such  schools. 

4.  Graduates  of  schools  abroad  similar  in  grade  to  a  normal  or 
midiUe  school  in  Japan,  who  have  stutlied  at  a  uiuversity  or  at  a 
school  of  similar  grade  abroad  and  have  degrees  or  diplomas  from  such 
schools. 

5.  Persons  who  have  teachers'  licenses  for  schools  equal  in  grade 
to,  or  higher  than,  the  one  in  which  they  wish  to  teach. 

Teachers  with  a  license  have  the  title  Kyoyu;  otherwise,  howcrver 
learned  or  proficient  they  may  be,  they  are  known  as  Kyoyu  Kokoroe 
(temporary   or   substitute    Kyo}'u),    assistant    Kyoyu,  or   assistant 


152        TEACHERS   OF    MATHEMATICS   FOR   SECONDARY   SCHOOLS. 

Kyo}m  Kokoroe.  Those  licenses  are  granted  either  to  those  who  pass 
the  examination  or  to  those  who  are  considered  ahle  to  pass  it.  The 
supply  of  teachers  in  mathematics  is  entirely  uiadequate  to  meet  the 
demand.  It  has  also  been  felt  by  some  that  the  lack  of  general 
education  on  the  part  of  the  teachers  is  a  serious  defect  ui  the  training, 
however  admirable  may  be  the  extensive  special  knowledge  which 
the  teacher  has  in  the  subject  in  which  he  instructs. 

I  find  no  information  in  the  reports  with  rcf(U'ence  to  the  prepara- 
tion of  teachers  for  the  highermiddle  schools  of  Japan.  Prof.  Hayashi, 
of  the  Tohoku  Imperial  University,  has,  however,  very  courteously 
supplied  me  with  the  following  facts:  In  the  eight  higher  middle 
schools  durmg  1915-16  there  were  256  professors,  and  27  assistant 
professors,  and  about  70  lecturers.  Among  these  instructors  were 
27  mathematical  teachers,  almost  all  of  whom  were  gakushi.  But 
some  of  them  were  not  gakushi,  and  only  one  was  a  hakushi  (doctor) 
as  well  as  a  gakushi.  There  are  no  special  regulations  with  regard  to 
the  trainmg  of  teachers  of  mathematics  for  higher  middle  schools. 

Although  competition  is  keen  for  the  various  teaching  positions, 
there  is  little  monetary  inducement  to  take  up  teaching  as  a  pro- 
fession.    As  Baron  Kikuchi  writes: 

The  salaries  of  teachers,  from  the  university  professors  to  primary-school  teachers, 
are  very  inadequate;  this,  no  doubt,  is  one  of  the  reasons  why  the  supply  of  teachers  is 
not  sufficient  to  meet  the  demand.  More  than  half  of  the  140,000  primary-school 
teachers  have  salaries  ranging  between  15  and  24  yen  ($7.50  to  $12)  a  month,  which 
even  allowing  for  the  low  rate  of  living  in  Japan  is  very  inadequate;  the  highest  salary 
for  a  university  professor  is  about  4,000  yen  ($2,000).  All  teachers  in  Government  or 
public  schools  and  colleges  are  entitled  to  a  pension  equal  to  one-fourth  the  amount  of 
their  salary  at  the  time  of  retirement  if  they  retire  after  15  years  of  service,  and  to  an 
additional  one  two-hundred-and-fortieth  of  the  amount  of  their  salary  for  every  year 
exceeding  15.' 
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Xir.  THE  NETHKHLANDS. 


.The  Kingdom  of  the  Netherhmds  has  an  area  of  about  12,000 
sijuaro  iiiilos,  and  its  popidatiou  at  the  cml  <»f  11M4  was  about 
6,340,000. 

Every  jjrade  of  education  in  the  Netherlands  is  under  the  control 
and  supervision  of  tlic  State,  the  work  of  admuiistration  being 
handled  by  a  special  department  under  the  ministry  for  the  interior. 
So-called  secondary  schools  (burgher  schools,  higher  burgher  schools, 
agricultural  schools,  and  ijidustrial,  trade,  and  tecluiical  schools) 
were  established  by  a  law  of  1863.  This  law  ref[uires  that  every 
conunune  with  a  population  of  10,000  ])rovide  a  burgher  school. 
All  of  these  are  now  organized  as  evening  schools,  and  they,  as  well 
as  the  higher  burgher  schools  (floogerc  Burger  Scholen),  are  maudy 
intended  for  those  engaged  in  ijidustrial  or  agricultural  pursuits. 

The  higher  burgher  schools  are  divided  uito  two  classes,  those  with 
a  three-year  course  and  those  (about  two-thirds  of  the  whole  num- 
ber) with  a  five-year  course.  Pupils  commence  this  five-year  coui-so 
at  the  ago  of  12  or  13  years,  after  having  had  six  yeai"S  of  trainmg  ui 
the  prmiary  schools.'  The  mstruction  in  mathematics  (which  in- 
cludes aritlmietic,  algebra,  plane  georiietry,  solid  geometry,  elements 
of  plane  trigonometry,  descriptive  geometry,  geometric  drawijig, 
mechanics,  and  cosmography)  occupies  about  one-quarter  of  the 
30  to  32  recitation  periods  (50  mmutes  each)  per  week.  Algebra  is 
taught  in  Classes  I-IV;  geometry  in  Chusses  II-V.  In  algebra  such 
topics  as  theory  of  hidices,  logarithms,  progressions,  compound 
interest,  and  e(4uations  of  the  lirst  and  higher  degree  in  one  or  several 
unknowns  are  taken  up. 

The  diploma  of  a  higher  burgher  school  entitles  the  pupil  to  go  to 
the  polytechiiic  school  at  Delft  or  to  one  of  the  univei-sities  to  study 
medicine  or  natural  science.^  The  examination  for  the  diploma  is 
decidedly  severe.  Withhi  a  period  of  uuie  days  the  pupils  have  to 
write  42  hours  in  the  examination  room:  iVlgebra  (3  hours),  Dutch 
(3  hours),  geometr}"  (3  hours),  French  (3  hours),  nature  study  (4 
hours),  bookkeeping  (2  hours),  trigonometry  (3  hours),  free-hand 
drawmg  (6  hours),  mechanics  (3  hours).  This  is  followed  by  an 
oral  examuiation,  which  hidudes  certaui  subjects  not  mentioned  in 

>  All  pupils  entering  the  higher  burgher  schools  and  the  gymnasia,  to  which  I  shall  presently  refer,  must 
pass  an  entrance  examination.     Usually  about  2.5  per  cent  of  those  who  try  the  examination  fail 
-  For  other  departments  of  the  uoivcRiitius,  u.xunuiiauous  iii  Greek  and  Latin  mu^l  Im)  pa&sed. 
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the  above  list.  The  examination  is  held  at  some  convenient  center, 
before  a  committee  appointed  by  the  provincial  authorities.  In 
some  cases  two  or  three  Provinces  are  combined  for  this  purpose. 
The  examination  lasts  for  three  days,  not  more  than  three  hours  a 
day. 

Higher  education,  as  defined  by  the  law  of  1S76,  is  that  given  in 
the  gymnasia  (public  and  private),  at  the  athenaeum — later  the  com- 
munal university — at  Amsterdam,  and  at  the  State  universities. 
The  pupils  entering  the  gymnasium  and  higher  burgher  school  are 
of  the  same  age,  and  the  courses  of  these  schools  are  to  a  great  extent 
parallel,  although  the  duration  of  the  course  in  the  gymnasium  is 
six  instead  of  five  years,'  It  is,  accordingly,  somewhat  remarkable 
to  find  gymnasia  classed  with  institutions  of  higher  education. 
This  classification  of  gymnasia  is  found  only  in  the  Netherlands. 
Every  town  with  a  population  of  20,000  (and  there  are  at  least  30 
such  in  the  Netherlands)  must  provide  a  gymnasium  unless  specially 
relieved  from  the  obligation.  The  affairs  of  each  gymnasium  are 
admuiistered  by  a  college  of  curators  nominated  by  the  municipal 
council.  This  council  also  appoints  the  teachers,  upon  the  recom- 
mendation of  the  curators  and  the  advice  of  the  inspector,  dismisses 
them  when  necessary,  and  fixes  the  rate  of  their  salaries,  subject  to 
the  approval  of  the  minister  of  the  interior. 

The  gymnasia  prepare  students  to  enter  directly  the  various 
departments  of  the  universities.  During  the  first  four  years  of  the 
course  this  preparation  is  the  same,  but  in  both  the  fifth  and  the 
sixth  year  there  are,  along  v>dth  hours  common  to  all,  certain  hours 
for  (a)  the  "humanist"  alone,  and  (b)  the  "realist"  alone.  The  com- 
mon mathematical  program  in  the  fifth  and  sixth  years  for  (a)  and 
(6)  includes  discussion  of  quadratic  equations,  theory  of  indices, 
and  solid  geometry.  But  students  of  section  (&)  are  also  taught 
mathematics  in  three  extra  hours  per  week  during  the  two  years. 
They  have  such  subjects  as  the  progressions,  logarithms,  indeter- 
mmate  equations  of  the  first  degree,  permutations  and  combmations, 
determinants,  probabilities,  plane  and  spherical  trigonometry,  and 
elements  of  the  theory  of  plane  analytic  geometry.  They  also  review 
their  arithmetic,  algebra,  and  geometry,  and  are  taught  applica- 
tions. The  (b)  courses  in  geometry  include  at  times  such  topics  as 
the  theorems  of  Menelaus  and  Ceva,  radical  axes,  centers  of  simili- 
tude, Euler's  line,  nine-point  circle,  prismatoid,  Euler's  theorem, 
harmonic  ranges  and  pencils,  poles  and  polars,  and  "Guldin's 
theorem."  The  mathematics  of  section  (6)  occupies  the  student  for 
about  one-sixth  of  his  time. 

'  Graduates  of  a  higher  burgher  school  with  a  five-year  course  are  usually  better  prepared  to  take  up  the 
study  01  physics  and  mathematics  in  a  umversity  than  are  the  graduates  irom  a  gymnasium. 
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The  final  examinations  arc  conducted  by  tho  staff  of  each  school, 
under  the  supervision  of  Government  delejjates,  usually  three  in 
number.  As  a  rule,  the  inspector  is  t)ne  of  them.  The  examination 
is  similar  to  that  for  f];railuates  from  the  hij^lier  bur^lier  schools,  and 
covers  practically  all  the  studies  of  the  course.  These  include 
Greek,  Latin,  Dutch  literature,  French,  German,  history,  ^eoijraphy, 
mathematics,  physics,  chemistry,  and  natural  history.  The  Dutch 
would,  therefore,  seem  to  have  taken  as  a  motto  Li^sshig's  saying: 
''Aus  einem  tuchtigen  Philologen  liisst  sich  alles  machen." 

In  the  Netherlamls  there  are  live  universities.  Besides  tho  State 
universities  at  Leyikni,  Utrecht,  and  Gronlngen,  there  are  the  Com- 
munal and  the  Free  Universities  of  ^\jnster(hmi.  Tlie  Free  Uni- 
versity has  no  faculty  of  mathematical  science  and  physics. 

The  mathematical  uistructit)n  ui  tho  universities  of  tho  Nether- 
lands varies  to  a  certain  extent,  but  in  all  it  includes  mathematical 
physics  and  theoretical  mechanics.  During  the  first  two  years 
(courses  are  reckoned  by  years,  not  semesters)  the  programs  of  study 
contaui  higher  algebra  (determinants,  irrational  and  complex  num- 
bers, theory  and  methods  of  solution  of  equations  of  higher  degree, 
linear  substitutions,  theory  of  invariants);  d'ljferential  calculus  and 
an  hitroduction  to  the  integral  calculus;  analytic  geometry  of  the 
plane  and  of  space  (lijies,  curves  of  tho  second  degree,  planes,  sur- 
faces of  the  second  degree) ;  descriptive  geometry  (methods  of  projec- 
tion, applications  to  the  theory  of  curves  and  surfaces). 

Tho  subjects  of  study  m  later  years  are  very  varied,  but  some  of 
the  principal  ones  are:  Integral  calculus,  differential  ecjuations, 
theory  of  functions,  general  theory  of  curves  and  algebraic  surfaces, 
differential  geometry,  calculus  of  pn^babilities,  calculus  of  variations, 
theoretical  mechanics,  and  mathematical  physics. 

The  title  of  doctor  is  obtained  after  two  academic  examinations 
and  the  submission  of  a  dissertation.  Tlie  student  generally  pre- 
sents himself  for  tho  first  examination,  called  "the  examination  for 
candidature,"  after  three  years  of  study.  For  the  candidate  iji  mathe- 
matics and  physics  this  examination  is  on  higher  algebra,  analytic 
geometry,  descriptive  geometry,  differential  calculus;  astronomy;  and 
physics.  In  the  second  examination,  the  examination  for  the  doc- 
torate, the  candidate  is  examined  on  integral  calculus,  theory  of 
functions,  calculus  of  probabilities  in  its  applications  to  physics, 
theoretical  mechanics,  and  physics.  It  is  espt^cially  notable  that 
even  for  the  mathematicians,  higher  geometry  is  not  a  subject  for 
examination. 

For  students  in  mathematics  and  astronomy  the  course  is  much  the 
same  as  in  naathematics  and  physics. 

Candidates  generally  present  themselves  for  the  examination  for 
the  doctorate  three  years  after  the  examination  for  candidature,  but 
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the  total  period  of  the  study  for  this  degree  is  often  more  than  six 
years,  since  the  time  ordinarily  spent  on  the  dissertation  is  one  or 
two  years.  Occasionally  a  student  accompUshes  the  work  for  this 
degree  in  less  than  six  years.  It  occurs  more  frequently,  however, 
that  a  student  passes  the  examination  for  the  doctorate  and  then 
presents  his  dissertation  one  or  several  years  after  having  left  the 
university. 

•  According  to  a  law  of  1905  the  student  who  has  successfully  passed 
the  examination  for  the  doctorate  has  the  right  to  teach  in  a  gym- 
nasium or  other  secondary  school,  in  one  of  the  subjects  in  which  he 
was  examined.  It  thus  happens  that  those  who  have  arrived  at  pro- 
fessorships in  this  way  have  received  an  admirable  scientific  prepara- 
tion from  a  theoretical  point  of  view,  but  have  had  absolutely  no 
practical  preparation  for  the  chairs  which  they  have  been  appointed 
to  fiU.  In  most  cases  the  future  teacher  is  transferred  directly  from 
the  university  to  the  school,  without  ever  having  taught  and  without 
any  knowledge  of  theoretical  and  practical  pedagogy.  His  only  ex- 
perience is  what  may  be  gained  by  conducting  from  time  to  time,  in 
the  presence  of  a  professor,  a  lecture  on  some  mathematical  subject, 
either  on  a  paper  which  has  appeared  in  a  periodical  or  on  a  subject 
chosen  by  the  student  or  proposed  by  the  professor.  Through  these 
lectures  and  the  criticisms  to  which  they  lead  the  student  becomes 
somewhat  accustomed  to  the  method  of  formulating  personal  scientific 
research;  but  for  development  as  professor  these  lectures  have  slight 
value,  since  the  subject  of  a  conference  is  almost  invariably  taken 
from  some  part  of  higher  mathematics,  and  but  rarely  is  a  scientific 
treatment  of  elementary  questions  given. 

Those  who  have  passed  the  examination  for  the  doctorate  are  not, 
however,  the  only  ones  who  have  a  right  to  teach  in  secondary  schools. 
The  law  of  1863  established  a  series  of  State  examinations  leading  to  a 
Certificate  of  Capacity  for  secondary  teaching.  For  mathematics  and 
mechanics  there  are  two  examinations,  of  which  the  first,  examination 
A,  accords  the  right  to  teach  the  branches  of  this  examination  in  a 
secondary  school  with  a  course  of  three  years,  while  the  second, 
examination  B,  accords  this  right  for  a  secondary  school  with  a  com"se 
of  five  years.  Examination  A  includes  arithmetic,  algebra,  plane 
geometry,  solid  geometry,  plane  and  spherical  trigonometry,  princi- 
ples of  descriptive  and  analytic  geometry,  principles  of  theoretic  and 
applied  mechanics,  machinery  and  technology,  physics,  chemistry, 
cosmography,  geology,  mineralogy,  botany,  and  zoology.  In  the  50 
years  that  the  law  has  been  in  force  a  very  small  number  of  persons 
have  passed  this  exceedingly  elaborate  examination.  But  the  law 
also  permits  special  certificates  of  capacity  for  mathematics  alone, 
for  theoretical  mechanics,  machinery,  technology,  etc.  Thus  exam- 
ination A  is  decomposed   into  four  less  onerous  examinations,  and 
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the  caiulidato  who  has  passed  any  one  of  them  may  teach  the  ])ranch 
named  in  a  secondary  school  with  a  tliree-year  coui"se.  Examina- 
tion B  inchidos  descriptive  j^eomelry,  analytic  ^'oometry,  diflorential 
and  intei];ral  caU-uhis,  theoretic  and  ajijdiod  mcclianics.  Those  who 
have  passed  the  two  examinations  .1  and  />  c(•Inl)l(^tely  may  teach 
mathematics  and  mcclianics  in  a  secomhirv  school  with  a  com'so  of 
five  years. 

Those  who  present  themselvas  at  these  examinations  have  rarely 
if  ever  attended  any  coui"se  in  mathonnitics  or  theoretic  mechanics. 
The  majority  of  the  candidates  have  been  ])rei)arod  by  private  tutors 
or  by  personal  efTort.  Tlie  porcenta<j;e  of  failures  is  consequently 
very  hijxh. 

The  salaries  of  directoi-s  of  liif^her  hiir^^lier  schools  ran^e  from  2,2o() 
llorins  (with  liome)  to  4,000  llorins  (S904.80  to  SI, 008)  per  annum; 
those  of  professors  from  1,000  florins  to  3,050  florins  ($402  to  $1,225). 
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Roumania  contains  about  7,500,000  inhabitants. 

The  general  control  of  its  education  is  vested  in  the  minister  of  public  instruction, 
but  other  ministers  have  charge  of  schools  pertaining  to  their  special  provinces.  The 
ministry  of  public  instruction  is  organized  in  tliree  departments:  (1)  Primary  instruc- 
tion, including  primary  normal  schools;  (2)  commercial,  technical,  and  private  schools; 
(3)  secondary  and  higher  education. 

The  real  organization  of  secondary  education  dates  from  the  law 
of  1898,  which  was  modified  in  1909  and  again  in  1910  in  the  direc- 
tion of  increasing  the  modern  character  of  the  curriculum.  In 
accordance  with  these  measures  secondary  education  is  arranged  in 
two  cycles  of  four  years  each:  The  lower  course  (first  to  fourth,  I-IV) 
and  the  higher  course  (fifth  to  eighth,  V-VIII).  Those  secondary 
schools  which  have  only  the  lower  course  are  the  gymnasia.  Those 
with  both  cycles  are  the  lycees.  The  higlier  course  is  organized 
in  three  parallel  sections  after  the  model  of  the  French  lycee;  namely, 
science-modern  languages,  Latin-Greek,  and  Latin-modern  languages. 
In  each  section  the  material  forms  a  unit  of  study.  At  the  end  of  the 
eighth  class  the  pupils  who  successfully  pass  the  final  examinations 
obtain  the  "certificate  of  secondary  study."  In  general,  the  pupils 
leave  the  lycee  at  the  age  of  about  19  years.  They  are  then  prepared 
to  enter  various  higher  schools,  including  the  universities,  of  which 
there  are  two,  one  at  Bucharest,  the  other  at  Jassy. 

In  the  first  cycle  the  subjects  taken  up  in  mathematics  are:  Prac- 
tical and  rational  arithmetic,  elementary  geometry  (plane  and  sohd), 
elementary  algebra,  and  notions  of  bookkeeping  and  surveying. 
With  n^gard  to  the  second  cycle,  reference  is  made  only  to  the  science- 
modern  language  section  from  which  the  future  mathematicians 
come.  The  special  object  of  the  mathematical  work  in  the  second 
cycle  is  to  develop  the  reasoning  powers.  Because  of  this  some  of  the 
more  subtle  questions  of  arithmetic  are  introduced.  The  study 
of  algebra  is  developed  at  length  in  courses  extending  through  all 
four  years.  This  study  includes  convergence  and  divergence  of 
series,  the  number  e,  derivatives  of  exponential,  logarithmic,  and 
circular  functions,  and  Horner's  method  of  solution  of  equations  with 
numerical  coefficients.  In  plane  and  solid  geometry  such  questions 
as  transversals,  harmonic  division,  poles  and  polars  with  respect  to 
a  circle,  areas  of  polygons  and  of  a  circle,  and  area  and  volume  of  a 
sphere  are  taken  up  with  many  problems  and  applications.  Then 
there  are  also  plane  trigonometry  in  VI,  descriptive  geometry  and 
mechanics  in  VII,  analytic  geometry  and  cosmography  in  VIII. 
Mathematics  occupies  6  hours  out  of  28  a  week  (21.4  per  cent)  in 
V  and  VI,  5  out  of  28  (17.9  per  cent)  in  VII  and  VIII. 
158 
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For  the  pupils  in  tho  scicmoo-moiiiTii  ljmtj;ua*;os  soction  who  spo- 
cializo  in  niutlieniatics  thero  is  a  spocial  publication  Gazcta  mate- 
matica,  which  has  appeared  since  1895.  It  is  somewhat  similar 
to  the  Revue  d^  inathematiques  speciales  prominent  in  the  French 
lyc^es.  Quite  apart  from  tho  ohlipjations  connected  with  their 
courses  of  stuily,  tho  matliomatical  pupils  of  the  section  not  only 
solve  the  problems  in  pure  and  applied  mathematics  in  tho  Gazota, 
but  also  propose  others  and  contribute  notes  and  articles.  Tho 
prof^ress  of  matliomatical  science  in  lloumania  stands  in  intimate 
relation  to  this  review. 

Such  then  is  the  nature  of  the  work  which  tho  mathematical 
professor  has  to  conduct.  There  remains  the  consideration  of  his 
proj)aration  for  tho  work. 

Tho  directors  and  professors  in  the  secondary  schools  are  univer- 
sity men  and  receive  their  appointments  from  the  Government. 
Since  the  law  of  1S98  tho  mathematical  professors  are  appointed 
from  amonir  those  who  have  passed  the  "examination  of  capacity," 
which  is  held  every  tliroo  years.  To  register  for  this  examination 
it  is  necessary  to  have  (1)  the  diploma  of  licence  es  sciences  mathema- 
tiques  of  a  university;  (2)  tho  certificate  of  a  pedagogic  seminar. 

"The  students  who  have  passed  tho  examination  of  licence  ^s 
sciences  matli^-matiques  have  sufficient  theoretical  preparation  to 
become  good  professors  in  secondary  education,"  as  it  is  modestly 
expressed  by  Prof.  Tzitzeica.  The  examinations  for  tho  licence  are 
in  higher  alge])ra,  anaU'tic  geometry,  descriptive  geometry,  differ- 
ential and  integral  calculus,  theory  of  functions,  mechanics,  and 
astronomy.  These  examinations  require  at  least  throe  years  of 
preparation. 

During  his  university  studies  and  aftervs'ards  the  future  mathe- 
matical teacher  takes  a  course  in  pedagogy  at  tho  university.  He 
also  commences  at  the  same  time  his  practical  training  at  a  pedagogic 
seminar.  The  pedagogic  seminarion  in  connection  with  the  uni- 
versities were  created  by  the  law  of  1898. 

The  examination  of  capacity  consists  of  (1)  three  written  examina- 
tions on  the  el(^m(fntary  material  oi  secondary  education  and  on  tho 
more  advanced  material  of  tho  licence;  (2)  two  oral  examinations, 
one  on  mathematical  questions  proposed  by  the  jury,  the  other  on 
pedagogy;  and  (3)  two  practical  examinations — that  is  to  say,  two 
lessons  such  as  the  candidate  might  dehvor  to  pupils  in  a  l3'ceo. 

In  order  to  claim  a  teaching  position  as  a  right,  one  must  have 
passed  an  examination  of  capacity  for  a  secondary  specialty.  For 
example,  physics  or  geography  may  be  offered  with  mathematics. 


G. 
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It  has  beon  estimated  that  the  Empire  of  Russia  contains  more 
than  182,000,000  people.  Since  the  treaty  of  Portsmouth  its  area, 
exclusive  of  inland  waters,  is  about  8,400,000  square  miles. 

Finland  (q.  v.)  has  a  separate  system  of  public  schools  much  more 
highly  developed  than  that  of  the  remainder  of  Russia,  where  the 
general  education  of  the  people  has  been  of  a  very  low  order.  Except 
in  certain  parishes  of  the  Baltic  provinces,  education  is  not  compul- 
sory. The  numerous  central  authorities  in  connection  with  Russian 
education  include  the  ministry  of  public  instruction  and  the  Holy 
Synod.  The  former  controls  the  universities  and  the  great  majority 
of  the  secondary  schools  of  all  classes. 

The  secondary  or  middle  schools  include:  ^  (1)  Seminaries  for 
teachers,  of  which  the  mmistry  established  63  ^  in  1891  for  the  prepara- 
tion of  teachers  for  certain  primary  schools;  (2)  institutes  for  teach- 
ers (33  in  number  in  1914)  which  prepare  teachers  for  another  class 
of  primary  schools;  and  (3)  establishments  such  as  the  progyinnasia 
(of  which  there  were  29  m  1914),  gymnasia  (441),  "realschools"  (284), 
and  teclinical  schools  (68  in  1910)/  under  the  control  of  the  ministry 
of  public  instruction  and  providing  general  instruction  for  the  youth. 

The  progymnasia  are  incomplete  gyimiasia  with  four  or  six  classes 
instead  of  eight  classes  (I- VIII),  one  for  each  year  of  the  course. 
Among  secondary  schools,  only  the  gymnasia  and  real  schools  are 
considered  here.  Bobynin  has  given  the  mathematical  programs  of 
the  seminaries  and  institutes  for  teachers. 

.  .      GYMNASIA. 

Pupils  normally  enter  the  gymnasia  at  the  age  of  10  years.  In  the 
explanatory  remarks  prefatory  to  the  program  of  the  course  of  mathe- 
matics in  the  gymnasia  for  boys,  the  ministry  of  public  instruction 
sets  forth  the  object  of  the  course: 

Mathematics  as  an  exact  and  abstract  science  furnishing  a  simple,  and  consequently 
appropriate,  means  of  assuring  suitable  development  of  the  mind  constitutes  one  of  the 
foundations  of  general  instruction.  The  essential  object  of  study  at  the  gymnasium 
being  the  intellectual  development  of  the  pupil,  the  mathematical  instruction  should 
be  characterized,  before  all  else,  by  the  thoroughness  and  systematic  rigor  of  a  theo- 

1  Bobynin,  1903  (see  bibliography);  and  A.  T.  Smith  in  Cyclopedia  of  Education,  edited  by  Monroe,  in 
article  on  Russia. 
»  Since  increased,  according  to  a  report  of  Jan.  1,  1914,  to  122  {Statesman's  Year-Book,  1917). 
3  In  1912  there  were  30  technical  schools  of  secondary  school  grade. 
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retic  course;  practical  uj)pIiration.s  slioiild  bo  introduced,  (irHt,a.s  illuiitratioiiH  of  the 
thoor>',  and  then,  to  luiMtiiat*'  in  coinpututions. 

The  tjyninasia  of  tho  ministry  of  i)iil)lic  instruction  arc  of  two  types: 

(1)  Thoso  in  wliicii  only  ono  anciont  lnn<i:ini«^o,  Latin,  is  taii<^lit;  and 

(2)  thoso  in  wliich  two  ancient  lan«i;iiai;iis  are  tau«^lit.     Tlicro  wore 
only  five  of  thoso  lattor  «;yninasia  in  ISMO. 

While  th(^  whole  iiuinhcr  of  lioui-s  devotod  to  tnatliematics  in  thaso 
two  typos  of  iijynniasia  is  not  tiie  same,  the  [)ro'^rains  are  iihiiitical. 
The  subjects  taut^ht  are  arithmetic,  al^o^hra,  froomotry,  trij^ononietry, 
physics,  mathomatical  >^eo^raj)hy  (cosmojjjraphy ),  and  notions  of 
mudianics. 

Arithmetic  is  taui^ht  in  Classes  1  III  and  reviewed  in  ('la.s.H  \1I1,  wlnre  certain  parts, 
omitted  earlier  ou  account  of  their  ditiiculty,  are  taken  up.  In  the  third  year  topics 
of  disc'ussion  are:  Ratio  and  proportion,  problems  relating  to  the  so-called  rule  of  three; 
interest  and  prop  )rtioiial  parts. 

Alytbnt  1 1 1 1  -V 1 1 1 1.  —.Some  of  the  matters  taken  up  in  Classes  VI  \III  are:  Progres- 
sions and  logarithms;  calculation  of  compound  interest;  indeterminate  equations  of 
the  first  degree  in  two  unknowns;  continued  fraction.*?;  binomial  theorem;  resolution 
of  a  system  of  equations  by  the  method  of  B^zout. 

Geovutnj  (IV-VI),  with  review  in  VIII. — In  V-VI  the  student  is  instructed  in  the 
measurement  of  lines  and  angles;  proportionality  of  segments;  similitude  of  triangles 
and  polygons;  regidar  polygons;  notion  of  a  limit;  length  of  the  circumference;  notions 
on  the  calculation  of  jt;  area  of  rectilinear  figures,  of  the  circle  and  of  its  parts;  simple 
problems  of  instruction,  and  numerical  applications  for  each  article  of  the  program; 
regular  p^lyhedra;  evaluations  of  area  and  volumes  of  prisms  and  pyramids;  cylinder, 
cone,  and  .-plu-re,  evaluation  of  their  areas  and  volumes. 

Trigonniiutnj  (VII-VIII).— Elements  of  plane  trigonometry,  including  the  use  of 
tables,  solutions  of  triangles,  calculation  of  areas  and  applications  to  problems  in  sur- 
vepng.  Trigonometric  equations  and  inverse  trigonometric  functions  are  not 
di.scu.ssed. 

Cogmography  (VI 11;.^ — Rotary  motion  of  the  celestial  sphere;  rotary  motion  of  the 
earth;  true  shape  and  size  of  the  earth;  apparent  annual  movement  of  the  sun;  annual 
movement  of  the  earth  round  the  sun;  measurement  of  time;  constitution  and  dimen- 
sions of  the  sun;  moon;  eclip-'es;  planets;  comets;  law  of  gravitation;  tides. 

Michanica  (VI,  VIII ).  .Motion  and  force — laws  of  motion,  law  of  inertia,  law  of  rela- 
tive motion, equality  of  action  and  reaction;  force  as  a  cause  of  motion  and  of  pressure; 
resistance  of  motion  ^friction);  equilibrium  of  forces;  composition  and  decomposition 
of  forces;  levers.  Theory  of  gravitation.  Theory  of  motion — uniform  motion;  ve- 
locity; acceleration;  luiiformly  accelerated  and  retarded  motion;  motion  of  a  projec- 
tile; notions  regarding  curvilinear  motion  and  centrifugal  force;  pendulum.  Theory 
of  energy — work;  Icvit;  pulley;  inclined  plane;  toothed  wheels;  kinetic  and  poten- 
tial energy;  transformalii'ii  of  riM'.luuii'al  work  into  heat  and  inversely;  principle  of 
conservation  of  energy. 

In  most  tij3mnasia  the  pupils  have  the  same  teacher  of  matliematica 
in  all  of  their  courses.  This  arrangement  seems  to  cause  the  pupil  to 
think  of  the  bonds  uniting  one  course  to  another.  A.s  to  the  connec- 
tion between  mathematics  and  physics  and  mechanics,  the  courses 
ill  physica  and  meciianicti  (as  well  as  hi  cosmographyj  arc  coucoivod 
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in  such  a  way  as  constantly  to  give  the  pupil  occasion  to  apply  his 
knowledge  and  his  experience  of  mathematics. 

About  one-third  of  the  pupil's  time  in  the  ordinary  gymnasium  is 
devoted  to  the  study  of  Latin  and  Greek,  and  about  one-fifth  to 
mathematics  and  physics. 

At  various  stages  in  his  course  the  pupil  is  required  to  pass  written 
and  oral  examinations.  In  the  final  examination  the  written  portion 
in  mathematics  lasts  five  hours  and  requires  the  solution,  with  detailed 
explanations,  of  two  problems,  one  in  algebra  and  the  other  in  trigo- 
nometry applied  to  geometry.  The  mathematical  portion  of  the  oral 
examination  is  in  arithmetic,  algebra,  solid  geometry,  and  trigo- 
nometry. Tlie  student  who  has  successfully  passed  this  examina- 
tion receives  a  certificate  of  maturity  (attestat  zrelosti).  The  bond 
between  secondary  and  higher  education  is  formed  by  the  require- 
ment of  this  certificate  for  admission  to  the  universities  and  that  of 
either  the  gymnasium  or  the  real  school  for  admission  to  the  higher 
teclinical  colleges. 

"REAL  SCHOOLS." 

The  normal  age  of  entrance  into  these  schools  is  10  years.  Most 
schools  now  possess,  in  addition  to  the  former  regular  six  classes  (I-VI), 
a  seventh  class  (VII).     Each  class  lasts  for  a  fuU  year. 

The  subjects  common  to  all  real  schools  are:  Russian,  with  Sla- 
vonic; modern  languages — German,  French;  geography;  history; 
mathematics  and  geometric  drawing;  natural  history;  physics; 
drawing;  calligraphy.  In  a  comparison  of  Real  schools  with  the 
gymnasia,  it  is  to  be  noted  that  logic  and  the  classical  languages  have 
disappeared  to  make  room  for  more  of  science  and  of  modern  lan- 
guages. 

The  students  of  the  real  school  cover  in  six  years  about  the  same 
amount  of  mathematics  as  those  in  the  gymnasia  cover  m  eight. 
Special  reference  may  be  made,  how^ever,  to  the  five-hour  course  of 
mathematics  given  at  many  real  schools  in  the  supplementary 
seventh  year.  The  subjects  taught  are  arithmetic,  algebra,  trigo- 
nometry, elements  of  analytic  geometry,  and  infinitesimal  calculus. 
The  leading  topics  taken  up  are : 

Arithmetic:  Principal  propositions  on  factoring  of  numbers;  the  highest  common 
divisor  of  two  numbers;  solution  in  positive  integers  of  indeterminate  equations  of 
the  first  degree  in  two  unknowns. 

Algebra:  Complex  numbers;  fundamental  properties  of  an  integral  function  and  its 
roots;  special  cases,  the  functions  a;"  — a°  and  ax-^+bxP+c;  discussion  of  equations  of 
the  first  degree  with  one  unknown  and  of  a  system  of  two  equations  of  the  first  degree 
with  two  unknowns — indeterminate  case,  contradictory  equations. 

Geometry:  Relative  positions  of  lines  and  planes  in  space;  principal  properties  of 
dihedral  and  polyhedral  angles;  regular  polyhedra;  measurement  of  the  surface  and 
volume  of  the  right  cylinder,  the  right  cone,  and  the  sphere  and  its  parts;  examples 
leading  to  computation  and  construction  problems. 
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Trigonormtry:  Inverse  circular  functiouB;  trigonometric  equations;  etc. 

Analytic  geometry:  Rectangular  and  {)olar  coordinates;  tmnsforniation  of  coordi- 
nates; circle,  parabola,  ellipse,  hyperbola;  equation  of  ellipse  and  hyperbola  in 
bipolar  coordinates;  loci;  diameters. 

Calculus:  Fundamental  theorems  in  limits;  application  to  the  measurement  of 
circumference  and  area  of  circles,  of  the  surface  and  volume  of  cylinders,  cones,  and 

spheres;  limit?Hl^;  limit  (  1+     )  ;  differentials  of  algebraic  and  transcendental  func- 
t-O        Z         n-x)  \        ^/ 

tions;  geometric  explanation  of  Rolle's  theorem;  Lagrange's  theorem;  increafiing  and 

decreasing  functions;  equations  of  tangents  and  normals  of  the  conic  sections;  definite 

integrals. 

Since  1911,  students  who  have  satisfactorily  completed  the  seven 
yeai-s'  course  of  the  real  school  are  achnitted  to  the  univei"sities  with- 
out examination.  Teachere  in  the  real  schools  are,  for  the  most 
part,  graduat.es  of  a  univereity  in  the  subject  which  they  teach. 

To  form  a  true  conception  of  secondar}'  education  in  Russia,  one 
should  bear  in  mind  that,  taken  as  a  whole,  the  boys  attending  the 
secondary  day  schools  are  dra\N7i  from  a  lower  social  stratum  than  are 
those  attenduig  such  schools  m  England  or  France.  As  a  rule  neither 
the  children  of  the  aristocracy  nor  those  of  the  higher  officials  attend 
the  gyimiasia;  the  former  arc  educated  for  the  most  part  by  private 
tutors,  the  latter  in  special  schools  open  only  to  the  nobihty.* 

THE  UNIVERSITIES. 

In  Russia,  exclusive  of  Finland,  there  are  10  universities.  The 
largest  and  oldest  is  at  Moscow;  The  others,  in  order  of  foundation, 
are  at  Yuriev  (formerly  Dorpat),  Khazan,  Kharkof,  Petrograd,  Kief, 
Odessa.  Warsaw,  Tomsk,  and  Saratov.-  The  last  was  founded  in 
1909,  and  neither  there  nor  at  the  University  of  Tomsk  has  a  faculty 
of  physics  and  mathematics  been  established. 

^Miile  secondary  education  in  Russia  still  leaves  much  to  bo  de- 
sired, the  standard  of  teachuig  hi  the  univei-sities  is,  on  the  whole, 
very  high,  and  may  be  compared  to  that  of  the  German  miiversities.' 

The  scholastic  year  consists  of  about  27  weeks  of  lectures,  and  the 
course  of  study  at  the  university  covers  four  years. 

The  Russian  faculty  of  physics  and  mathematics  is  compose<l  of 
two  sections:  The  section  of  mathematical  sciences  and  the  section  of 

■  Thl5  paragraph  Is  •quivatont  to  what  Darlington  states  in  this  connertion  on  pp.  347-348  of  his  report 
(which  sought  to  r*pres«nt  actual  conditions  at  th«  end  of  1904).  Tb«  bureau  of  Education  at  Wasliin^-ton 
has.  however,  kindly  volunteered  the  infomiation  that  ''attout  .tO  per  i-ent  of  Uiissian  pyiiiiiasium 
students  are  sons  of  r.obility  and  merrhants.  '  Aristo^-racy '  is  represented  by  at  least  20  fier  cent  of  the 
students.  The  special  schools  for  aristo<^nu-y  have  long  ago  become  insuflJcient  and  now  are  discarded." 
The  bureau  states  that  the  authority  it  quotes  is:  Russia,  Ministry  of  Public  Instruction,  Report  for  1912, 
[in  Russian],  Fetrogi^.  1915.  pp.  50  and  51. 

'•'A  Popular  University  tearing  the  name  of  Ocn.  Alphonse  Shaniavsky,  who  has  given  the  funds 
necessary  for  its  creation,  has  exi.'-tcd  at  Moscow  since  autumn,  1908.  In  1916  a  Woman's  University  was 
created  at  Petrograd  with  the  power  of  conferring  the  degree  of  doctor."— .S'/a/rrman'j  Vrarbook,  1917. 

'Encyclopaedia  Bntannica.  Jlth  edition,  1911, -Article  "Russia."  W.  S.  Jesien  has  recently  reported 
great  improvement  in  Russian  secondary  education  during  the  past  decade. 
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natural  sciences.  With  the  exception  of  general  courses  in  physics 
and  chemistry  given  to  students  in  both  sections,  all  subjects  in  the 
two  courses  are  different. 

Since  1906,  several  universities,  including  those  at  Moscow  and 
Petrograd,  have  divided  the  studies  in  the  mathematical  section  into 
three  groups:  (1)  Mathematics  and  analytic  mechanics;  (2)  astron- 
omy; and  (3)  physics,  subdivided  into  (a)  physics  and  (5)  physical  geog- 
raphy and  meteorology.  The  student  may  elect  to  take  up  the 
studies  of  any  one  group. 

The  courses  for  the  mathematics  and  analytic  mechanics  group 
at  the  University  of  Petrograd  in  1909-10  were  as  follows: 

Semester  1. — Spherical  trigonometry;  introduction  to  analysis;  analytic  geometry; 
exercises  on  analytic  geometry;  higher  geometry  or  descriptive  geometry;  physics 
of  molecular  forces;  descriptive  astronomy.  Recommended:  Com-se  in  general 
chemistry. 

Semester  2. — Analytic  geometry  and  exercises;  differential  calculus  and  exercises; 
higher  geometry  or  descriptive  geometry;  descriptive  astronomy;  physics;  heat. 
Recommended:  Course  in  general  chemistry. 

Semester  3. — Higher  algebra;  applications  of  differential  calculus  to  geometry; 
integration;  spherical  astronomy;  optics;  acoustics  and  electricity. 

Semester  4- — Higher  algebra;  integration;  geometric  applications  of  integral  calculus; 
exercises  on  the  integral  calculus;  statics,  optics,  acoustics,  electricity;  spherical 
astronomy. 

Semester  5. — Definite  integrals;  integration  of  ordinary  differential  equations; 
finite  differences;  kinematics. 

Semester  6. — Definite  integrals;  integration  of  ordinary  differential  equations  and 
the  calculus  of  variations;  theory  of  numbers;  dynamics  of  a  particle  and  exercises. 

Semester  7. — Partial  differential  equations;  finite  differences;  calculus  of  probabili- 
ties; elliptic  functions;  mechanics  of  systems  and  exercises.  Recommended: 
Theoretical  astronomy. 

Semester  8. — Partial  differential  equations;  calculus  of  probabilities;  theory  of 
attraction,  hydrostatics  and  hydrodynamics.     Recommended:  Celestial  mechanics. 

In  addition  to  the  general  and  recommended  courses  there  are 
certain  special  courses  not  given  every  year,  for  example: 

1.  Theory  of  Abehan  integrals  (1906-7). 

2.  Theory  of  surfaces  (1907-1909). 

3.  Analytic  theory  of  differential  equations  (1907-1910). 

4.  Vector  analysis  (1908-1910). 

5.  Historical    and   critical   review   of   the   principles    of  rational 

mechanics  (1908-1910). 

These  courses  are  given,  for  the  most  part,  by  the  Privatdocenten. 

The  final  examination  for  the  students  in  the  faculty  of  science 
is  conducted  by  a  commission  appointed  by  the  State.  The  examina- 
tions are  both  written  and  oral.  The  programs  of  the  State  examina- 
tions divide  university  courses  into  two  classes:  (1)  Fundamental 
or  principal  courses,  (2)  complementary  courses.  The  programs  of 
the  principal  courses  are  the  same  for  all  universities  and  contain 
only  the  most  essential  and   elementary  parts  of  the  four  sciences 
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(matlioinatics,  niechaiiics,  physics,  astronomy),  whuli  are  taiiglit  in 
the  inatht'iuatictil  soctioii  of  the  faculty.  In  these  subjects  there  are 
two  written  and  five  oral  examinations.  The  projxrams  of  the  com- 
plementary coui-ses  are  not  fixed.  The  choice  of  two  complementary 
coui-ses  is  made  by  the  student  himself.  In  mathematics  he  may 
choose  theory  of  numbers,  theory  of  elliptic  functions,  higher  geom- 
etry, or  some  other  course  of  three  semester  hours  per  week.  The 
examination  is  oral. 

A  student  who  passes  all  the  examinations  receives  a  dij^loma 
of  the  first  or  second  grade,  wliich  gives  certain  civil  rights,  such  as 
the  right  to  teach  in  the  sccon(hiry  schools  without  any  special 
examination.  The  diploma  conferred  bv  the  State  examinino:  com- 
mission  is  not  technically  a  degree,  though  it  is  fully  equivalent 
in  value  to  the  B.  A.  degree  conferred  by  British  or  American 
universities.  With  this  diploma  the  great  majority  of  students  rest 
satisfied.  Only  a  select  few  remain  at  the  univei-sity  to  prepare  for  a 
degree,  and  most  of  these  do  so  with  the  view  of  ultimately  obtaining 
a  professorial  chair.  There  are  two  degrees,  magistcr  and  doctor; 
but  discussion  of  these  is  beyond  the  scope  of  this  sketch. 

TE.\CHERS  IN  SECONDARY  SCHOOLS. 

Every  teacher  of  mathematics  in  a  gymnasium  under  the  control 
of  the  ministry  of  pubhc  instruction  must  be  a  graduate  of  the 
mathematical  section  of  the  faculty  of  sciences  in  a  Russian  univer- 
sity. Tntil  very  recently  such  a  graduate  had  no  training  in  peda- 
gogy' and  no  practice  in  teaching  when  he  first  presented  himself 
at  a  gymnasium  a.s  a  professor.  In  1909,  however,  a  provisional 
set  (Tf  courses  for  the  preparation  of  teachers  of  mathematics  and 
other  subjects  was  <»rganized  in  the  educational  district  of  Pctrogi-ad. 
This  plan  has  been  followed  by  other  educational  districts. 

At  Petrograd  the  courses  are  under  the  direction  of  a  council  com- 
posed of  the  (hrectors  of  esta])lishments  of  secondary  education  and 
presided  over  by  the  inspector  of  the  district.  Information  issued 
to  pupil-teachers  by  the  council  includes  the  following: 

1.  The  courscii  of  one  year  in  duration  are  especially  designed 
to  give  practical  preparation  to  teachers  of  mathematics  in  second- 
ary schools. 

2.  The  courses  are  open  to  those  students  who  have  a  diph)ma  from 
the  mathematical  section  of  a  faculty  of  science  and  are  bearers  of  a 
certificate  of  good  conduct. 

3.  The  more  necessitous  of  the  candidates  for  the  course  receive  a 
stipend  of  300  rubles  ($156).  In  addition  to  this  assistance  in  money, 
student  teachers  may,  under  certain  circumstances,  earn  money  as 
tutors,  or  as  substitute  teachers  during  the  absence  of  the  incumbent 
of  a  chair. 


166        TEACHERS   OF    MATHEMATICS   FOE    SECONDARY    SCHOOLS. 

4.  Pupil  teachers  of  the  same  specialty  are  sent  as  probationers, 
in  groups  of  two  or  three,  into  gymnasia  and  real  schools. 

5.  The  immediate  direction  of  the  work  and  courses  of  the  pupil 
teachers  is  confided  to  chiefs  of  probationers  chosen  from  the  teaching 
personnel  of  the  establishment  by  the  administration  of  the  district. 

6.  The  obligations  of  the  pupil  teachers  are  the  following: 

(i)  To  study  carefully,  in  works  and  books  indicated  by  the  chiefs 
of  the  probationers,  the  parts  of  their  specialty  which  figure  in  secon- 
dary education,  as  well  as  the  methodology  of  the  subject. 

(ii)  To  attend  lectures  by  the  chiefs  of  the  probationers  or  by  other 
professors  in  logic,  psychology,  history  of  pedagogy,  pedagogy,  and 
to  make  report  of  these  lectures  to  the  chief. 

(iii)  To  deliver  lessons,  as  often  as  possible,  before  the  chiefs  Of  the 
probationers,  other  professors,  and  other  probationers  in  the  specialty, 
in  accordance  with  a  plan  arranged  in  advance  and  approved  by  the 
chief. 

(iv)  To  attend  the  trial  lessons  of  other  probationers  of  their  group. 

(v)  To  take  part  in  the  discussion  of  the  trial  lessons  of  proba- 
tioners of  their  group. 

(vi)  To  prepare  papers  on  questions  of  general  pedagogy,  studies  of 
methodology  in  the  specialty,  reviews  of  textbooks. 

(vii)  To  seek  to  understand  the  child's  mind,  by  contact  with  and 
observation  of  pupils  in  general,  or  of  a  particular  group,  while 
engaged  in  recreations,  games,  excm'sions,  and  walks. 

(viii)  To  attend  the  pedagogic  council. 

(ix)  To  attend  the  conferences  and  pedagogic  discussions  (three 
times  a  week)  and  make  report. 

7.  In  case  these  requireniients  have  been  met,  the  probationers  are 
"elimines  du  contingent"  and  are  qualified  to  teach. 

At  the  end  of  the  school  year,  in  a  general  conference  of  the  com- 
mittee and  the  various  chiefs  of  probationers,  the  results  of  the  work 
of  the  year  and  the  characteristics  of  the  probationers  are  discussed. 

The  preparation  of  teachers  in  the  real  schools  is  practically  the 
same  as  of  those  in  the  gynmasia. 

Apart  from  the  question  of  supply,  the  two  main  difficulties  which 
remain  to  be  solved  in  connection  with  the  teaching  staff  of  the 
Russian  secondary  schools  are  (1)  the  question  of  remuneration  and 
(2)  the  question  of  professional  training.  An  attempt  to  dispose  of 
this  latter  difficulty  has  been  described  above.  With  regard  to  the 
first  point  there  seems  to  be  general  agreement,  Mr.  Darlington 
writes,  that  the  present  rate  of  remuneration,  which  was  fixed  30  years 
ago,  is  not  sufficiently  high  either  to  attract  the  best  talent  into  the 
teaching  profession  or  to  enable  teachers  to  give  their  undivided 
attention  to  their  school  duties.  An  assistant  teacher  m  a  State  sec- 
ondary school,  teaching  30  hours  a  week,  which  is  accepted  as  the 
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normal  liniit,  receives  1,S30  rubles  (uhout  SO  15)  a  year  for  the  first 
five  years  of  his  service,  after  which  his  sahiry  is  increased  by  150 
rubles,  thus  reaching  1,9S0  rublas  (about  S003)  a  year  in  all.  E.xtra 
payments  (o.  g.,  for  correcting  exercises  and  acting  as  "class  tutor") 
may  raise  the  remuneration  to  2,230  rubles  a  year,  but  in  any  ordinary 
case,  so  long  as  he  continues  to  be  an  assistant  teacher,  his  salary 
remains  as  above  stated  from  the  sixth  to  the  twenty-sixth  year  of 
his  service,  w]u»n  he  receives  his  pension.  An  income  of  less  than 
2,000  rubles  a  year  may  be  suflTicient  to  enable  an  assistant  teacher  to 
live  in  a  manner  suitable  to  his  position,  so  long  as  he  remains  a 
bachelor;  it  is  whody  inadequate  to  the  needs  of  a  married  man  with 
a  family.  With  the  most  rigid  economy  a  moderate-sized  middle- 
class  household  can  not  be  maintained,  at  any  rate  in  the  larger 
towns  of  Russia,  on  less  than  3,000  rubles  a  year.  A  married  teacher 
is  therefore  under  the  absolute  necessity  of  earning  on  an  average  an 
extra  thousand  rubles  a  year  m  addition  to  his  official  salary  in  order 
somehow  to  keep  soul  and  body  together  and  provide  proper  educa- 
tion for  his  children. 

The  salary  of  an  ordinary  professor  in  a  Russian  university  is  3,000 
rubles  a  year,  of  an  extraordinary  professor  2,000  rubles. 

The  pension  rights  attached  to  the  teaching  profession  in  the  higher 
and  secondary  branches  are  very  considerable  in  Russia.  Twenty 
years  of  work  gives  to  such  a  teacher  a  right  to  a  pension  equal  to  half 
his  salary;  25  years'  service  entitles  him  to  a  pension  equal  to  his  full 
salary.  Moreover,  if  the  teacher  is  prevejited  by  shattered  health  or 
some  incurable  disease  from  continuing  in  the  exercise  of  his  pro- 
fession, he  is  still  more  generously  treated. 
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XV.   SPAIN. 


At  the  close  of  1913  continental  Spain  had  an  area  of  about  194,000 
square  niiles  and  a  population  of  over  19,600,000. 

The  whole  system  of  pubhc  instruction  is  controlled  by  the  minis- 
ter of  education,  an  advisory  council,  and  a  corps  of  inspectors,  one 
for  each  of  the  49  Provinces  or  administrative  divisions  of  the  country. 
The  secondary  schools  and  universities  are  intimately  associated,  by 
reason  of  the  fact  that  Spain  is  chvided  into  11  university  districts, 
the  secondary  and  higher  education  in  each  of  which  is  under  the 
control  of  a  rector.  He  is  assisted  by  a  university  council  which 
acts  in  an  advisory  capacity. 

The  State  secondary  schools,  of  which  there  must  be  one,  at 
least,  in  every  Province  are  styled  institutos  de  segunda  ensefianza. 
The  colegios  de  segunda  ensefianza  are  boarding  schools  in  charge  of 
local  authorities  and  are  feeders  for  the  institutos.  Pupils  who  enter 
the  institutos  are  about  10  years  of  age.  The  general  course  is  di- 
vided into  two  parts,  one  part  covering  two  years  and  the  other  four. 
In  the  first  part  the  only  subjects  of  a  mathematical  nature  are 
arithmetic  and  drawing.  Algebra,  geometry,  and  trigonometry  are 
studied  in  ad(htion  to  arithmetic  in  the  second  part.  Physics  and 
chemistry  are  also  taught  in  tliis  part.  The  student  who  has  suc- 
cessfully completed  the  six  years  of  study  and  passed  the  corre- 
sponding State  examination  is  called  a  bachiller  en  artes,  and  is 
entitled  to  proceed  to  a  university. 

The  University  of  Madrid  has  the  largest  attendance ;  the  Univer- 
sity at  Salamanca  is  the  most  ancient.  Other  universities  are  those 
established  at  Granada,  Sevilla,  Barcelona,  Valencia,  Santiago, 
Zaragoza,  Valladolid,  Oveido,  and  Murcia.^ 

The  bachiller  who  wishes  to  prepare  himself  to  teach  mathematics 
in  the  secondary  schools  must  study  in  the  faculty  of  sciences  of  a 
university  and  secure  the  title  of  licenciado  (licentiate).  At  Madrid 
candidates  may  then  proceed  to  the  doctorate ;  Barcelona  and  Zara- 
goza are  the  only  other  universities  which  have  a  faculty  of  science 
preparing  completely  for  the  licenciatura. 

The  mathematical  studies  leading  to  the  licenciatura  are  as  follows: 

1.  Mathemotkal  analysis. — First  and  second  courses,  supplementary  to  the  work  in 
the  institutos.     The  first  course  comprises  theories  of  arithmetic  not  explained  in 


I  This  university  was  established  in  1915  or  1916.     Cf.  The  StaUsvian's  Yearbook,  1915-1917. 
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secondan'  education,  the  whole  field  of  elementan-  algeKra,  piano  and  spherical 
trigonometrj'  with  ainilysis  of  cinular  functions.  The  second  course  deals  with  higher 
algebra:  and  the  ijeneral  theon.'  of  equations,  us  well  as  an  introduction  to  motlern 
higher  algebra,  is  presented.  During  one  year  at  the  University  oi  Madrid,  for 
example,  this  introduction  dealt  with  the  theor>'  of  binary-  forms  (discriminants; 
Jacobians,  Hessians,  and  Wronskians;  linear  substitutions;  invariants  and  covari- 
ants:  canonical  forms). 

:.'.  Metric  geometry. — This  geometrv'  is  simply  the  ordinarj-  Euclidean  geometry 
modified  by  the  use  of  modern  synthetic  raethcxls.  The  course  in  the  faculty  of 
sciences  is  divided  into  two  part.s:  The  first  deals  with  fundamental  theories,  those 
on  which  the  theorems  of  all  previous  questions  are  l)ased;  the  second  consists  in 
studies  of  each  group  of  figures  in  detail,  without  losing  sight  of  the  groupings  which 
facilitate  the  employment  of  the  principles  of  duality,  jirojectivity,  etc. 

(a)  Fumlamental  theories:  First  notions:  angles:  p('ri)endicular8  and  parallels;  rela- 
tion between  the  elements  of  triangles  and  of  trihedral  angles,  isosceles  or  scalene;  dis- 
tances and  inclinations  large  and  small;  elementary  cases  of  sT.'mmetr)' and  of  equality 
of  triangles,  trihedrals.  and  tetrahedrons;  equality  and  orthogonal  sjTnmetry  in  general; 
geometric  loci;  circle,  cone,  and  sphere;  proportional  lines;  .similar  figures:  prod- 
ucts of  segments  in  triangles;  concept  of  length  of  curves  in  general  and  of  the  areas 
of  conies;  plane  and  spherical  trigonometrj'  sufBcieut  for  the  solution  of  right  triangles; 
orthogonal  projections. 

(b)  Slurlies:  More  complete  consideration  of  each  of  the  following  figures:  Ranges 
of  points,  pencils  of  rays  or  of  planes;  their  cross  ratios  and  proje("tion;  segments  and 
angles:  triangles  and  trihedral  angles;  quafirilatorals.  tetrahedral  angles,  and  tetra- 
hedrons: ordinan,-  polygons,  polyhedral  angles,  and  polyhedrons  in  general,  and  in 
particular  those  which  are  regular  and  semiregular;  prisms  and  cylinders;  pyramids, 
prismatoids.  cones,  and  spherical  figures:  sj'stems  of  circles,  of  cones,  and  of  spheres; 
particular  determination  of  length,  of  areas,  and  of  volumes;  their  comparison  and 
pro|X)rtionality;  homology,  homothety.  involution,  and  symmetr}-  in  general;  po- 
larity of  a  circle,  of  a  cone,  or  of  a  sphere;  inverse  figures:  stereographic  projection. 

3.  Analytic  geometry. — This  course  is  based  on  projective  methods  and  is  esjiecially 
developed  at  ^fadrid.' 

4.  Elemenls  of  infinite -nmal  calculus. — This  course  inc  ude.^  a  di.scus.«!ion  of  theory  of 
limits  continuity,  order;;  of  infinitesimaLs  derivatives  and  differentials  of  functions 
of  one  or  of  several  variables;  change  of  variable.s;  hyperbolic  functions;  Legendre's 
polj-Qomials  and  developments  into  .series  by  formulae  of  Taylor,  Maclaurin  and 
I^agrange;  maxima  and  minima;  elements  of  integral  calculus;  differentiation  and 
integration  under  the  integral  sign  with  application  to  the  calculation  of  definite 
integrals  and  of  the  Eulerian  integrals.  In  some  programs  this  first  part  of  the 
calcului  course  concludes  with  a  di.'vu.'^sion  of  curvilinear  and  surface  integrals  and  of 
integral.-j  in  the  formuhe  of  Green,  of  Stokes,  and  oi  Dirichlet,  and  their  applications  in 
mechanics  and  physics. 

5.  Cosmography  and  physical  geography. 

6.  Geometry  of  position. 

7.  Dcs~riplive  geometry. 

8.  Rational  mechanics. 

9.  Spherical  astronomy  and  geodesy. 

The  titlo  of  liconciado  in  matliomatiral  srionro  is  ohtainod  by  a 
caiulidato  after  throe  oxaniinatioiLs  arc  successfully  pa.ssc<l:  {a)  A 
written  examination  on  two  questions  drawn,  by  lot,  from  those 
proposed   by   tln'  tribunal;  (h)   an   oral  interrogation  by    the    three 

J.  REY  P.VSTOK.  Fh  ■  lif  la  gtfimtlTi.i  pToytctir<i.iupnior.     Tomo  1  Madrid,  191Q.     2i+44i  pp. 

Cf.  BvUetin  du  tcunces  m  1  .^.j  tome  41   1917  p.  229. 
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judges,  for  half  an  hour  each;  (c)  a  practical  exercise  consisting  in 
the  solution  of  a  problem  in  descriptive  geometry  or  in  rational 
mechanics  drawn,  by  lot,  from  the  problems  of  the  questionnaire, 
and  response  to  observations  of  the  tribunal. 

The  examinations  for  secondary  school  professorships  are  open  only 
to  licentiates  and  comprise:  (1)  A  written  examination  four  hours  in 
length,  consisting  of  the  development  of  two  themes  of  a  question- 
naire; (2)  an  oral  examination  consisting  of  response  to  five  ques- 
tions drawn  by  lot;  (3)  a  practical  exercise;  and,  after  the  exclusion 
of  those  who  have  not  met  with  success,  (4)  delivery  of  a  lesson  after 
eight  hours  of  preparation  to  be  criticized  by  one  or  two  opponents; 
and  (5)  exposition  of  a  given  topic  and  replies  to  criticisms  of  the 
tribunal. 

The  best  mathematical  positions  in  the  secondary  schools  are 
obtained  by  the  doctors  of  mathematical  sciences,  who  are  also  eligible 
for  positions  on  the  faculty  of  sciences  of  a  university.  To  prepare 
for  the  doctorate  it  is  necessary  to  follow  courses  at  the  university  in 
higher  analysis,  advanced  parts  of  geometry,  astronomy  of  the  planetary 
system,  and  mathematical  physics,  and  to  present  a  memoir  on  a 
subject  selected  by  the  candidate  and  satisfactorily  sustained  against 
objections  on  the  part  of  the  tribunal. 

The  titles  of  some  advanced  courses  offered  to  those  preparing  for 
the  doctorate  may  be  given:  Ordinary  differential  equations;  calculus 
of  variations;  integral  equations;  quaternions;  functions  of  a  com- 
plex variable ;  elliptic  functions ;  Galois's  theories. 

It  usually  takes  four  years  in  the  university  to  pass  the  licenciatura, 
and  one  extra  year,  for  those  who  are  apt  scientific  investigators,  to 
make  the  doctorate. 

The  professors  of  secondary  and  higher  education  are  appointed  by 
the  King;  in  the  case  of  the  institutos  one  of  the  professors  is 
appointed  as  director. 
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XVI.  SWEDEX. 


Tho  area  of  Sweden  is  a  liiile  less  (.oxcluclinf::  the  lakes)  than 
170,1)00  sciuurc  miles,  and  the  population  was  estimated  to  bo  on 
December  31,  1916,  about  5,757,000.  Of  these,  all  but  about  100,000 
belong  to  the  established  Lutheran  Church.  It  is,  therefore,  not  sur- 
prising to  hnd  church  and  school  both  placed  under  the  administration 
of  the  Ecklesiastikdopartementet,  or  the  ecclesiastical  department. 
The  trend  of  circumstances  recently  has  been  towanl  their  separation. 
It  was  not  so  long  ago  that  the  chapters  {dotnkapitdn),  composed  of 
ministers  and  la>nnen,  were  still  the  local  boards  of  administration, 
not  merely  of  ecclesiastical  afTairs,  but  also  of  affairs  relating  to  the 
secondary  schools  and  to  the  elementary  school  system.  Since  1905, 
however,  the  central  govermnent  of  the  State  secondary  schools  and 
ecjuivalent  educational  establislunents  receivmg  State  aid  has  been  in 
the  hands  of  a  board  called  the  Royal  Board  of  Secondary  Schools;  the 
result  has  beeii  that  the  powers  of  the  chapters  as  regards  those  edu- 
cational institutions  have  been  very  considerably  curtailed.  In  1913, 
by  the  establislunent  of  a  central  board  for  the  elemeJitary  schools, 
these  also  were  placed  under  the  administration  of  expert  lajTiien. 

The  royal  board  of  secondary  schools  deals  with  such  matters  as 
curriculum,  disciplijie,  training  of  teachers,  appomtment  of  teachers, 
etc.  It  is  also  the  duty  of  its  members  to  inspect  the  schools  per- 
sonally and  to  give  mstruction  and  advice  in  the  course  of  their 
inspection. 

Since  1905  the  State  secondary  schools  for  boj-s  have  been  clas- 
sifie<l  into  two  groups:  Realskolor  or  modem  schools  (uidependent), 
and  hogre  allmanna  laroverk,  each  comprisuig  a  realskola  and  a 
g}innasium. 

Tliere  are  77  secondary  schools  for  boys  (allmanna  laroverk),  38 
of  these  are  hogre  allmanna  laroverk  and  39  are  independent  real- 
skolor. .Vmong  the  latter,  18  are  coeducational  schools.  Tliere  is 
no  independent  State  gymnasium. 

Into  the  realskola,  which  has  six  one-year  classes  (one,  the  lowest, 
to  six),  the  boy  may  enter  at  9  years  of  ago.'  The  course  at  the 
gymnasium  is  based  upon  the  work  of  the  five  lower  classes  of  the 

I  Note  that  the  secondary  edacation  Is  built  on  the  third  year  of  primary  education,  instead  of  the  fifth, 
as  in  Denmark.  The  primary  schools  give  a  six-year  course,  while  in  some  cases  continuation  courses  are 
otlered  for  three  years  longer. 
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realskola  and  is  divided  into  two  "sides";  the  Latingymnasium  and 
the  realgymnasium,  each  consisting  of  four  one-year  classes  called 
''rings"  (I  to  IV).  The  boys  in  the  sixth  class  of  the  realskola  are 
thus  of  the  same  age  as  those  in  the  first  ring  of  the  gymnasium. 

REALSKOLOR. 

Mathematical  instruction,  which  occupies  about  one-sixth  of  the 
pupil's  time,  is  here  given  during  five  hours  weekly  in  each  of  the 
classes  except  in  the  first  and  fifth,  where  it  occupies  four  hours. 
The  subjects  taught  are  aritlmietic,  algebra,  and  geometry.  In  the 
sixth  class  the  pupils  arc  instructed  in:  (1)  Algebra — evolution  and 
involution,  proportion,  equations  of  the  first  and  second  degree  with 
one  unknown,  graphs,  and  problems;  (2)  geometry — geometric  exer- 
cises and  amplification  of  preceding  course,  which  has  dealt  with 
circles  and  polygons  and  simple  problems.  Drawing  exercises  of  the 
Realskola  include,  in  class  4,  geometric  construction  of  parallel  lines, 
triangles,  parallelograms,  and  pol3^gons;  in  class  5,  drawing  of  regular 
figures,  such  as  the  ellipse  and  lima^on;  elements  of  descriptive 
geometry;  in  class  6  further  exercises  in  descriptive  geometry. 

In  1904-5  about  60  out  of  75  schools  used  Euclid's  Elements  as 
textbook  in  geometry.  Four  years  later,  with  the  development  of 
the  more  practical  or  modernized  scheme  of  secondary  education, 
about  60  out  of  the  75  schools  had  adopted  texts  sunilar  to  the 
school  geometries  now  so  common  in  England. 

General  scheme  of  studies  in  a  realskola. 


Religion 

Swedish 

German 

English 

History 

Geography... 
Mathematics . 

Biology 

Physics 

Chemistry . . . 

Writing 

Drawing 


Subjects. 


Total  number  of  hours  a  week. 


Classes. 


27 


29 


.30 


30 


30 


2 
30 


The  final  goal  of  the  realskola  is  a  State  examination  (Realskol- 
examen),  which  gives  admittance  to  various  technical  schools  and  to 
schools  of  forestry,  agriculture,  and  minmg,  and  qualifies  for  various 
appomtments  in  the  post  office,  railway  or  telegraph  service,  etc. 
The  examination  consists  of  two  parts,  the  one  written  and  the  other 
oral.     The  questions  of  the  first  part  (in  Swedish,  German,  EngHsh, 
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jiiul  nintluMimtics'l  aiv  the  snnu'  for  tlii'  whole  country  and  the  lecjuire- 

inents  are  nioileratt^ 

GYMNASIA. 

Ill  I'.ilo  uhout..")?  per  eeiit  of  the  pupils  in  the  gyniJiasiu  Wfie  in 
attomlanco  at  tho  reali^ynuiasia. 

The  nuniher  of  class  periods  per  week  in  the  realj^ynmasium 
(biclucling  orymnastics,  fencuif::,  singin*;,  and  relijxious  inst ruction)  is 
38  to  41,  of  45  minutes'  duration.  There  must  bo  a  |)ause  of  10  min- 
utes between  two  periods.  About  one-quarter  of  the  total  time, 
apart  from  instruction  in  g^nunivstics,  fencing;,  etc.,  is  iiiven  to  mathe- 
matics and  ilrawing.  In  order  to  avoid  over|)ressure  and  to  ))erniit 
of  a  pupil's  devotuig  himself  to  some  special  study  for  which  he  dis- 
plays marketl  aptitude,  some  options  {valjrlhct)  are  allowed  iji  tho 
last  two  years  of  the  gymnasium  course. 

The  ext<int  of  requirements  in  the  different  riiigs  of  tho  gymnasium 
may  be  seen  in  the  following  table: 


Subjwts. 


Tho  realgyumasium. 


Ring 


Relii:iori 

Swedish 

Latin 

Gemiftn 

English 

J'rcnch 

Hisii/ry 

•  ioofrraphy 

Kloiiii'iiis  of  philosophy 

MiitdiTiiatirs .'. 

Miolo^'y 

Physif^ 

Chemistry 

Urawlng 


Total  numhrr  of  hours  a  week.. 


30 


Ring 
U. 


31 


Ring 

HI. 


33 


Ring 
IV. 


33 


The  Latingyinnasiuni. 


Ring 
I.  ■ 


30 


Ring 
II. 


31 


Ring 

m. 


1 

2 
2 


33 


Ring 
IV. 


I 

1 
2 


33 


ono 


'  Those  pupils  who  hrivp  elcytorl  dreek  (7  hours  a  wpck)  in  Rini;  lU  drop  nialhonmtirs.  drawinir,  and 
10  hour  of  Kn^'lish:  In  Rinc  I^'  'Jroek  (7  hours)  is  then  s 


substituted  for  niatheiiiatics  and  drawing. 


As  to  mathematics,  instruction  in  a  rt^algyninasium  hicludes:  (a) 
Al/jrhrn — theory  of  indices,  logarithms,  aritlunetical  and  geometrical 
soritvs,  compound  intorast;  (6)  geometry — proj)()rtion  applied  to  ge- 
ometrj',  problems  (especially  in  plane  mensuration),  solid  geometry; 
(c)  plane  trujonomdnj — simpler  computations  in  connection  with 
right  and  oblique  triangles;  (d)  annhjtic  geometn/ — curves  of  tlio 
second  degree;  tho  notion  of  a  derivative  is  mad(<  clear  and  much 
emphasis  is  laid  on  graphic  representation  of  functi(»ns. 

Tho  course  in  a  gymnasium  is  concluded  with  a  final  (^\amination 
(studentexamen,  or  afg&ngsexamen,  or  maturitetsoxaiiK^n)  which,  in 
either  "side,"  entitles  those  who  have  passed  it  to  matriculation  at 
the  imirersitios.  Examination  commissioners  called  "censors"  are 
appointed   by   the  Goverumont   to   superintend   each   examination. 
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They  are  chosen  for  the  most  part  from  professors  of  the  imiversities, 
and  usually  number  about  18.  The  censors  are  assisted  by  "exam- 
iners," who  are  the  teachers  of  the  schools;  the  exammers  always 
act  under  the  direction  of  a  censor  and  in  his  presence.  Questions 
for  the  written  part  of  the  examination  are  drafted  by  the  censors 
but  must  be  approved  by  the  royal  board  of  secondary  schools.  This 
examination  takes  place  simultaneously  in  all  the  schools  some 
weeks  before  the  oral  examinations  and  lasts  four  or  five  days. 

The  written  examinations  in  both  "sides"  include  Swedish,  modern 
language,  and  mathematics,  and  m  the  roalgymnasium  physics,  in 
the  Latingymnasium  Latin.  French  may  be  substituted  for  either 
of  the  "modern  languages,"  which  are  German  and  Enghsh.  The 
single  examination  in  mathematics  lasts  six  and  one-half  hours. 
The  paper  contains  eight  or  nine  questions.  An  adequate  discussion 
of  three  at  least  is  necessary  for  passing.*  The  answers  are  first 
looked  over  by  the  teacher  himself  and  one  colleague,  and  are  graded 
with  one  of  six  predicates,  the  fifth  of  which  in  descending  order  is 
"satisfactory,"  and  the  sixth  "unsatisfactory." 

The  candidate  is  not  admitted  to  the  oral  part  of  the  examination 
miless  in  each  of  his  papers  he  gains  at  least  the  mark  "satisfactory." 
When  the  teachers  have  thus  arrived  at  their  decisions,  the  papers 
are  stitched  together  into  books  and  sent  to  the  royal  board,  which 
distributes  them  among  the  censors  for  their  inspection,  much  of 
which  they  make  as  they  travel  in  the  train  from  school  to  school, 
from  one  end  of  Sweden  to  the  other.  The  final  decision  is  not 
reached  until  censors  and  teachers  sit  together  in  conclave  somewhat 
later. 

The  oral  examination  is  wider  in  range  than  the  written  examina- 
tion and  embraces  all  the  subjects  taught  in  the  later  years  of  school 
life.  The  rektor  or  headmaster  in  each  school  arranges  the  candi- 
dates in  groups  of  five  or  six  in  a  room;  and  in  these  rooms  they  are 
kept  throughout  the  examination,  while  the  censor  is  sometimes  in 
one  room  and  sometimes  in  another,  according  to  the  subjects  of  the 
examination.  Various  arrangements  emphasize  the  importance  of 
the  occasion.  At  least  three  persons  of  position,  nominated  by  the 
inspecting  local  authority,  represent  the  public.  Evening  dress  is 
de  rigueur  for  censore,  examiners,  and  candidates;  and  the  censore 
and  the  teachers  wear  their  robes  and.  decorations.  The  teacher  of 
the  candidates  is  generally  the  examiner;  and,  as  a  rule,  puts  all  the 
questions  imder  the  direction  and  guidance  of  the  censor.  The  ex- 
amination, though  apparently  of  the  pupil  alone,  is  really  quite  as 
much  a  test  of  the  teacher,  enabling  the  censor  to  judge  of  the  effi- 
ciency of  his  work.  It  is  also  deemed  useful  for  university  profes- 
sors to  be  brought  for  a  few  days  in  each  year  into  such  close  touch 

'  1  quote  freely  from  Mr.  Thornton  in  what  follows. 
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with  tlio  pupils  prradu}vtiii<;  frtnii  tlio  public  schools  in  the  country, 
uiui  for  school  and  luiivorsity  thus  to  ho  hrouj^ht  uito  relationship. 
As  in  the  case  of  the  written,  so  also  in  the  oral  (examination,  each 
candidate  is  givtui  one  of  six  grades,  of  which  tlie  sixth  is  unsatis- 
factory.' It  is  so  diflicult  for  an  ill-prepared  candidate  to  he  j>ro- 
inotetl  to  the  highest  class  that  the  number  of  rejections  at  the  linal 
examimition  '  is  exceedingly  small. 

The  aim  of  the  realskola  is  to  provide  a  common  citixens'  educa- 
tion of  wider  scope  than  that  of  the  elementary  school.  The  aim  of 
the  gyniiiasium  is  to  add  to  general  education  imparted  in  the  real- 
skola a  preparation  for  the  miivei'sities  or  ecjuivalont  educational 
nistitutions.  In  lOl'J  the  number  of  grailuates  from  the  realgym- 
nasia  was  675,  and  from  the  Latingymnasia  510.  Of  tliese  1,185  pupils, 
160  contniued  their  careers  at  business  or  commercial  collegas,  144 
enteretl  on  a  military  career,  111  wont  to  higher  teclmical  schools, 
and  535  to  universities,  etc. 

THE  UNIVERSITIES. 

Tliere  are  two  State  imiversities  in  Sweden;  one  at  Upsala,  founded 
in  1477  and  the  oldo.~;t  in  Scanchnavia,  and  the  other  at  Lund, 
foimded  in  1668.  Both  of  those  are  in  provincial  cities.  There  are, 
however,  two  privately  organized  universities,  the  Ilogskola  at 
Stockholm  and  the  Hogskola  at  Goteborg  (the  second  largest  city  in 
Sweden).  Furthermore,  the  State  supports  a  medical  college,  the 
Karolinska  Institutet,  at  Stockholm,  which  it  established  in  1810.' 

According  to  statutes  of  1908  the  direction  of  the  State  univer- 
sities and  medical  college  is  exercised  by  a  chancellor  appointed  by 
the  Crown,  without  salary,*  on  the  recommendation  of  certain  au- 
thorities in  these  institutions.  It  is  the  duty  of  the  chancellor  to 
see  tiiat  the  statutes  are  observed,  to  issue  instructions  regarding 
the  administration  of  the  miiversity  finances  and  estates,  to  pro- 
nounce "finally  and  ofTicialiy  in  questions  of  nommation,  and,  in 
general,  in  all  university  matters  whicii  are  submitted  to  the  decision 
of  the  Government.  *  *  *  The  immediate  management  and  super- 
vision of  all  matters  relating  to  the  university  is  in  the  hands  of  its 
roktor,  who  is  elected  for  a  term  of  three  years"  (but  is  eligible  for 
reelection)  by  cortabi  university  professors. 

'The5«  f3»dw  are  usually  namM  A  (mark  of  distinction),  a  (excccdinRly  satisfactory),  Ali,  Ba,  B 
(satisfactory),  and  C  (unsatisfactory).  The  words  in  parentheses  are  doubtless  Mr.  Thornton's  trans- 
lations of  the  correspondinR  Swedish  erpressions  given  on  p.  177. 

*As  a  rule  only  about  one-fourth  of  the  pupils  entering  the  RjTnna.<5ia  ever  pa.ss  this  examination. 

•  There  are  also  two  foreign  universities  founded  In  the  seventeenth  century  under  Swedish  rule, 
namely,  the  universitie.s  at  lleULnpfors  in  Finland  and  at  Dorpal  in  Russia. 

*  The  chancellor  is  entitled  to  appoint  a  salaried  secrelarj. 
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In  1913  there  were  about  5,200  students  at  the  Swedish  univer- 
sities and  medical  college:  2,461  at  Upsala,  1,421  at  Limd,  395  '  at 
the  Karolinska  Institutet,  741  at  the  Stockholm  Hogskola,  and  235 
at  the  Goteborg  Hogskola. 

The  Hogskola  of  Stockholm  is  mider  the  superintendence  of  the 
chancoUor  of  the  universities.  The  govemmg  body  is  a  board  of 
nine  members,  the  president  of  which  is  nominated  by  the  Govern- 
ment. Tile  rektor  of  the  miiversity  is  an  ex  officio  member  of  the 
board.  Six  other  members  are  elected  by  the  Swedish  Academy,  the 
Academy  of  Sciences,  the  Stockholm  city  comicil,  and  the  faculty. 
The  nmth  member  of  the  board  is  elected  by  the  board  itself. 

It  is  under  the  diriection  of  professors  at  the  Stockholm  Hogskola 
that  Acta  Mathematica  has  been  published. ^  This  has  been  made  pos- 
sible by  the  annual  grant  of  3,000  kronor. 

At  each  of  the  universities  (except  that  at  Goteborg)  mathematics 
is  taught  in  the  faculty  of  philosophy;  and  in  this  faculty,  till  lately, 
three  degrees  were  conferred — those  of  candiate,  licentiate,  and 
doctor.  According  to  a  statute  of  1907,  however,  the  examination 
for  the  first  of  these  degrees  was  replaced,  for  those  expecting  to  go 
mto  secondary  school  teacliing,  by  a  secondary  school  teachers' 
examination  {filosqfisJc  dmhetsexamen).  AH  candidates  for  teaching 
positions  hi  a  gymnasium  must  have  passed  this  examination. 
Should  the  candidate  aspire  to  be  a  professor  (lektor),  he  must  also 
pass  the  second  university  examination  {filosojie  Ucentiatexamen) , 
and  defend  a  thesis  for  the  degree  of  doctor  (filosojie  doMor).  The 
first  of  these  examinations  requires  about  seven  or  eight  semesters 
(that  is,  about  four  years)  of  study ;  the  second,  about  four  years  more, 

Filosofislc  dnibetsexamen. — The  faculty  of  philosophy  is  divided 
into  two  sections:  The  section  of  the  humanities,  and  the  mathe- 
matics-natural sciences  section.  To  the  latter  section  belong 
mathematics,  astronomy,  physics,  mechanics,  chemistry,  geology 
and  mineralogy,  botany,  and  zoology.  Since  1909  political  economy 
may,  under  certain  circumstances,  be  included  in  this  section.  Geog- 
raphy belongs  to  both  sections.  The  filosofisk  ambetsexamen  is 
is  based  upon  the  following  groups  of  subjects: 

1  In  tho  State  universities  "every  student  is  obliged  to  belong  to  one  of  the  unions  called  nafionsforeningar, 
or  simply  nation,  or  landskag  (literally,  province),  into  whidli  the  students  are  grouped,  according  to  the 
part  of  the  country  from  wluch  they  come,  the  object  of  these  unions  being  to  encourage  hard  study  and 
pure  morals,  as  well  as  the  rendering  of  mutual  aid.  At  Upsala  there  are  13  and  at  Lund  12  of  these  nation 
societies,  each  under  control  of  an  inspector  chosen  by  the  society  from  among  the  professors  of  the  imi- 
versity.  At  Upsala  these  unions  have  as  a  rule  their  own  club  premises  *  *  *;  at  Lund  there  is  one  club- 
house common  to  all  the  '  nations,'  that  of  the  Akademiska  Forerungen.  These  imions  have  played  an 
important  r61e  in  the  Ufe  of  the  students,  both  in  its  serious  and  its  more  convivial  aspects.  The  distlno- 
tlve  feature  of  the  students'  dress  is  the  white  cap  {vita  mdssan),  known  abroad  from  the  tours  of  students' 
choral  unions." 

2  The  first  number  of  its  forty-first  volume  appeared  recently. 
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rjroiip  1.  Northern  lancfuajroa,  Latin.  Group    8.  Gorman,  romance  lanpuapfs. 

(imiip'J.  NortlnTii  l;uiii:iui;,'c's,  CitTiiian.  Group    9.  Enirlisli,  romance  languages. 

Group  3.  Nortlurn  huiguagee,  Engli^^h.  Grouj)  10.  II istory,  geography. 

Group  4.  Northern  languages,  hiatory.  Group  11.  Geography,  botany,  zoology. 

Group  5.  Latin,  Cireek.  Grcvip  12.  Mathematics,  physics. 

Group  C.  Latin,  history.  Group  13.  Physica,  chemistry. 

Group  7.  German,  Kntrlish.  Group  14.  Chemistry,  botany,  zoology. 

Applkntit)!!  for  the  ambetsoxamcn  must  be  accompanied  by — (1)  a 
statement  of  the  choice  of  subjects;  (2)  a  certificate  that  the  apj)h- 
cant  has  been  a  member  of  a  nation  society  durinoj  tiie  term  in  which 
the  examuiation  is  to  take  place;  (3)  the  certificate,  showing  tliat 
the  candidate  has  passed  the  studentexamen;  (4)  the  candidate's 
record  book  of  university  work  {tcntamensbok);  (5)  a  fee  of  15  kronor 
(about  14.09),  plus  3  kronor  for  making  out  reports,  plus  1  krona 
for  janitor  service. 

As  we  shall  be  frequently  referring  to  the  grades  which  the  can- 
didate obtains  in  university  examinations,  it  may  be  stated  at  once, 
that,  as  m  the  case  of  secondary  school  marking,  they  are  six  in 
number.  If,  for  defmiteness,  we  employ  the  letters  that  have  been 
already  mentioned,  these  grades  are:  A,  with  honor  (berdmlig);  a, 
with  exceptional  ]>raise  {med  utmdvTct  herom  godl'dnd);  AB,  witli 
praise  {med  htrom  godkdnd);  Ba,  not  without  praise  (:icke  utan  herom 
(fodJcdnd);  Z?,  satisfactiiry  (godkdnd);  C,  not  satisfactory  (?ct<f  godkdnd). 

To  pass  the  examination  we  are  considering,  the  candidate  must 
obtaui  seven  points.  lie  has  three  points  to  his  credit  for  eaph  A 
which  he  receives  in  the  subjects  of  the  examination;  two  pouits  for 
each  a  or  AB;  and  one  point  for  each  Ba  or  B. 

From  this  we  see  that  mathematics  and  pli3'sics,  the  subjects  of 
group  12,  could  contribute  at  most  six  points.  But  the  candichito 
must  also  pass  an  examination  m  some  third  subject,  as  well  as  in 
psychology  and  the  history  and  theory  of  pedagogy.  In  tlie  case 
of  group  12  the  third  subject  may  be  any  other  subject  in  the  mathe- 
matics-natural science  section.  Mathematics  may  be  taken  as  a 
third  subject  with  any  two-subject  group. 

Whatever  selection  of  group  is  made  for  the  major,  if  it  is  a  two- 
subject  group,  the  candidate  must  obtain  at  least  a  mark  AB  in  each; 
if  it  is  a  three-sul)ject  group  at  least  a  mark  AB  in  two  subjects  and 
B  in  the  third.  Moreover,  in  the  mathematics-natural  science 
section  six  of  tiie  seven  points  must  be  obtained  in  subjects  selected 
from  the  following  list:  Theoretical  philosophy,  literary  history  and 
poetics,  German,  English,  romance  languages,  pedagogy,  geography, 
mathematics,  astronomy,  physics,  mechanics,  chemistry,  geology  and 
mineralogy,  botanj',  and  zoology. 

In  tlie  ambetsexamen  at  the  University  of  Lund  the  requirements 
in  mathematics  for  several  grades  assigned  are  as  follows:    UJ  For  B 
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the  candidate  must  show  that  he  has  a  good  general  knowledge  of 
analytic  geometry,  elements  of  the  differential  calculus  and  of  the 
most  important  parts  of  the  integral  calculus ;  (2)  for  AB  the  candidate 
must  be  familiar  with  the  subject  matter  in  (1),  with  differential 
calculus  and  its  geometric  applications,  with  an  extensive  and  thor- 
ough course  m  algebraic  analysis,  with  a  good  course  m  mtegral  cal- 
culus, with  the  elementary  theory  of  equations,  with  the  foundations 
of  theory  of  numbers  and  theory  of  probability,  and  with  a  short 
course  m  modern  geometry,  particularly  the  application  of  the  theory 
of  projection  and  reciprocation  to  conic  sections;  (3)  for  A  the  can- 
didate must  show  remarkable  facility  in  handling  the  material  of 
(1)  and  (2),  and  also  of  some  important  course  the  content  of  which 
may  be  optional  with  the  examinee  to  a  considerable  extent,  but 
each  particular  choice  must  be  approved  by  the  examiner. 

The  examination  in  every  subject  is  oral.  The  professor  reports 
to  the  exammer  his  personal  opinion  of  each  candidate  whom  he 
has  taught.  He  not  only  indicates  the  extent  of  work  covered,  but 
also  expresses  an  opinion  as  to  the  thoroughness  of  the  student's 
knowledge  and  as  to  the  mdependence  and  maturity  of  judgment 
'         which  he  has  manifested. 

The  titles  of  some  courses  offered  at  the  university  will  be  given 
later,  and  it  will  be  seen  that  certain  of  these  are  formulated  to  pre- 
pare the  student  for  the  searcliing  tests.  Among  th6  great  number 
of  books  which  are  found  useful  by  the  mathematician  in  preparing 
for  the  jilosojisk  dmbstsexamen  the  following  are  officially  listed  at 
Lund: 

K.  R.  COLLIN,  Laro6o^  i  plan  analytisk  geometri.  2  upplagan.  Stockholm,  1898, 
(Rather  brief.)' 

BRIOT  et  BOUQUET,  Lemons  de  yeomctrie  analytique. ,  17e  Edition.     Paris,  1900. 

C.r.  E.  BJORLING,  Larobok  i  differ entialhalky I  och  algebraisk  analys?  3.  upplagan. 
Lund,  1909. 

C.  F.  E.  BJORLING,  Larobok  i  integralkalkyl .    Upsala,  1877. 

SERRET-HARNACK,  Lehrbucli  der  Differential-  mid  Integralrechnung.  Bearbeitet 
von  Schel'lers.  4.  und  5.  Auflage.  Band  I:  Differentialrechnung.  Leipzig, 
1908.     Band  II:  Integralrechnung.     Leipzig,  1911. 

W.  NERNST  und  A.  SGHONFLIES,  Einjiihrung  in  die  rnathematische  Behandlvng 
der  NatuTirissenschaften.  Kurzgcfaffstes  Lehrbuch  der  Differential-  und  Integral- 
rechnung mit  besonderer  Beriicksichtigung  der  Chemie.  7.  Auflage.  Miinchen 
und  Berlin,  1913. 

TODHUNTER,  Theory  of  Equations.     4th  edition.     London,  1880. 

WEBER  und  WELLSTEIN,  Enajklopddie  der  Elementar- Mathcmatik .  Band  1:  Alge- 
bra und  Analysis.  3.  Auflage,  Leipzig,  1909;  Band  2:  Elemente  der  Geometrie. 
2.  Auflage.  Leipzig,  1907;  Band  3:  A ngewandte  Elementar  Mathematik.  2. 
Auflage.     2.  Teilen.     Leipzig,  1910-1912. 

•  This  comment  and  others  of  a  similar  nature  whirli  follow  occur  in  the  original  list. 
2  In  tliis  work,  applications  to  plane  geometry  are  considerably  more  extensive  than  is  usual  in  boolcs  of 
a  similar  nature. 
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TODHl"^'TER,  Algebra  for  the  use  of  schools  and  colleges  with  numermit  examples.  5th 
edition.  Ixinduu,  1S71.  (For  tlifory  of  uuuibery  aud  theory  of  probabilitioa.) 
C.  F.  E.  BJORLING,  Ldroboh  i  nyart  plan  geometric     Lund.  189G. 

Tho  requirements  in  mechuiiics  and  inatheiiiuticul  physics,'  in  the 
filosofisk  anibotsexiunon  at  the  Uiiivei-sity  of  Lund,  for  various  marks 
are:  (1)  For  the  mark  B,  the  caii(U(hite  must  know  the  elements  of 
tho  kinematics  and  statics  of  ripid  bodies,  inchidin*;  computation  of 
stability,  the  elejnents  of  dynamics  of  a  particle  (also  relative  motion), 
the  elejnents  of  the  dynamics  of  solid  bodies  movin*;  in  a  plane, 
and  central  impulse  with  friction,  and  must  have  the  a])ility  to 
solve  simpler  problems  within  the  limits  of  the  coui-se  in  a  reliahU 
manner;  (2)  for  the  mark  AB  the  candidate  must  be  famiUar  with 
the  subject  matter  in  (1),  with  discussion  of  statics  of  a  flexible 
string,  with  more  extended  development  of  rigid  dynamics,  including 
Lagrange's  equations  of  motion  and  the  elejnents  of  the  theor}^'  of 
the  motion  of  a  rigid  body  about  a  fixed  point,  with  hydrostatics, 
with  diiTerential  equations  of  hydrodynamics  and  Bernoidh's  theorem, 
with  the  theoiy  of  small  vil)rations  applied  to  organ  pipes  and  strmgs, 
and  with  attraction  between  spheres,  and  he  must  also  have  facility  in 
the  solution  of  problems  within  the  range  of  the  course;  (3)  for  the 
mark  A  the  candidate  must  complete  the  course  in  (2)  \vith  respect 
to  general  dynamics  and  by  means  of  a  detailed  study  of  some  field 
in  mathematical  physics  or  in  mechanics  of  continuous  mecha,  chosen 
by  the  candidate  in  considtation  with  the  examiner.  He  must  also 
have  skill  in  apphing  practically  the  theoretical  icnowledge  apper- 
taining to  the  courses. 

Prerequisites  in  mathematics. — For  a  7?  in  mechanics  it  is  necessary 
to  know  what  corresponds  to  the  requirement  for  B  in  mathematics. 
For  an  AB,  in  addition  to  the  requirements  in  -analysis  for  the  same 
predicate  in  mathejnatics,  the  candidate  must  have  some  notion  of 
ordinar}-  differential  equations  and  the  most  elementary  ideas  of 
partial  diiTerential  equations.  F'or  the  mark  A  there  may  be  re(|uired 
in  addition  to  ortlinary  and  partial  differential  ecjuations  Liiipoitant 
branches  in  one  part  or  another  of  mathematical  analysis. 

Studies  and  textbooks.— Tho  studies  are  appropriately  begtm  in  the 
free  preUminary  course  (for  B)  as  prescribed  every  spring  term  in 
comiection  with  practical  exercises.  In  order  to  obtain  any  advan- 
tage from  this  it  is,  however,  necessarv^  at  the  same  time  to  work  at 
home,  partly  by  carefully  reviewing  the  notes  taken  at  evciy  lecture 

'  The  principal  parts  of  this  work  include  a  treatment  of  the  theory  of  conies  from  projective  and  duallstic 
points  of  view,  in  afldition  to  a  presentation  of  tho  theory  of  invariants  in  linear  suhstittitions  for  liinary 
and  ternary  forms,  and,  finally,  aft«r  a  section  on  "Curves  of  higher  order"  where  amonp  oilier  results  the 
Pliickerian  formula  are  derived,  a  treatment  of  the  theorj-  of  cutiic  curves,  other  worlc;,  not  mentioned 
above  but  widely  used  in  Sweden,  are:  L.  K.iepert,  Orundritf  der  Differential-  und  Inlegralnchnung, 
umgearbcitet  von  M.  Stegemann.  2  Biinde.  Band  1, 10.  .\unage.  Hannover,  1905;  Band  II,  9.  .\uflage, 
19(><.  De  la  Vallde-Poussin,  Cburid'ana/yMin/irw/'Tjima/.  2  tomes.  3.  ot  2.  editions.  Louvain,  1912  and 
1314.    Go\xrs&\,.CouTs  d'analyxe  mathfmalique.    .3  tomes,  tomes  1-2.    2.  edition.     Paris,  1910-15. 

>  Studiehandbok,  p.  lCS-173;  astronomy  and  physics  are  treated  on  pp.  lCiO-lC7. 
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and  carrying  on  collateral  reading  in  appropriate  textbooks,  and 
partly  by  diligently  solving  problems  in  addition  to  the  one  which 
has  been  taken  up  in  the  practical  exercises. 

At  the  conclusion  of  the  prehminary  course  similar  regularly 
recurring  lectures  and  exercises  for  the  next  higher  certificate  can  be 
taken  up.  (To  profit  by  these  the  home  work  should  be  somewhat 
of  the  same  nature  as  that  in  connection  with  the  preliminary  course.) 

Really  satisfactory  textbooks  for  beginners  are  not  readily  found 
at  present.  For  the  time  being,  however,  the  most  suitable  work 
which  can  be  recommended  is  Lindskog's  Ldrohok  %  mekanik,  Stock- 
holm, 1894,  which  also  contains  practical  problems.  Chapters  13 
and  17  may  be  omitted,  and  for  the  certificate  B  also  paragraphs 
140-142,  155-159,  167-168. 

For  the  certificate  AB  a  more  thorough  knowledge  of  Lindskog's 
mechanics  is  required.  It  is  not  expedient  to  recommend  a  definite 
textbook  for  this  certificate,  because  a  few  of  tliis  kind  which  are 
worthy  of  notice  are  just  now  being  pubhshed  or  revised.  The  fol- 
lowing may  be  mentioned  first: 

P.  APPELL  et  S.  DAUTHEVILLE,  Precis  de  mecanique  radonelle.     Paris,  1910. 
A.  G.  WEBSTER,  The  Dynamics  of  Particles,  and  of  Rigid,  Elastic,  and  Fluid  Bodies. 

Leipzig,  1904.     (Out  of  print,  but  a  German  as  well  as  a  new  English  edition 

is  being  prepared.)  ' 

The  first-named  book,  which  contains  also  a  collection  of  practical 
problems,  corresponds  most  nearly  to  the  prescribed  course.  Still, 
parts  of  chapters  14,  16,  and  18  can  be  omitted.  The  latter  book 
contains  comparatively  more  of  the  mechanics  of  fluids  and  of  elastic 
bodies  and  is  specially  to  be  recommended  to  those  who  intend  to 
devote  themselves  to  physics. 

Among  problem  collections  we  may  mention: 
H.  L.  DE  ST.  GERMAIN,  Recueil  d'exerciccs  sur  la  mecanique  rationelle.    2.  Edition. 

Paris,  1889. 
A.  FUHRMANN,    Aufgaben    aus   der   analytischen    Mechanik.    2    Bande.     Leipzig 

Band  I,  3.  Auflage,  1904;  Band  II,  2.  Auflage,  1882. 
W.  WALTON,  A  collection  of  problems  in  theoretical  mechanics.     3.  edition.     Cam. 

bridge,  1876. 

,  A  collection  of  problems  in  hydrostatics  and  hydrodynamics.     Cambridge,  1847. 

M.  JULLIEN,  Problhnes  de  mecanique  rationelle  disposes  pour  servir  d^ applications  aux 

principes  enseignes  dans  les  cours.     2.  edition.     2  vols.     Paris,  18G6-67. 
K.  W.  F.  KRAFT,  Sammlung  von  Prohlemen  der  analytischen  Mechanik.    2  Bande. 
Stuttgart,  1884-85. 

Filosqfie  licentiatexamen. — Those  who  have  passed  the  filosofisk 
ambetsexamen  are  eUgible  for  the  filosofie  licentiatexamen.  In  each 
examination  subject  the  candidate  must  make  AB  at  least.  An 
acceptable  scientific  thesis  must  also  be  written. 

1  The  second  English  edition  was  published  in  1912,  shortly  after  this  was  written. 
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Application  for  tlie  cxaniination  must  be  nccompanied  by--Cl) 
a  statement  of  the  choice  of  subjects;  (2)  a  cortilicate  that  the  ai)ph- 
cant  has  been  a  member  of  a  nation  society  during  the  term  in  wliich 
the  examination  is  to  take  place;  (3)  the  certificate  showing  that 
the  candithite  has  passed  the  filosofisk  aml)otsexajnen;  (4)  the  candi- 
date's record  book  of  miiversity  work  (tentamensbok) ;  (5)  a  fee  of 
15  kronor  (about  $4.09),  plus  3  kronor  for  making  out  reports,  plus  1 
krona  for  janitor. service. 

The  present  regulations  governing  the  licentiatexamen  went  into 
effect  in  1911.  They  provide  that  every  student  who  has  passed 
either  that  examination  or  the  filosolLsk  iimbetsexamen  hiis  the  right 
to  ask  for  an  examination  in  supplementary  subjects,  for  the  sake 
of  obtaining  higher  reports.  No  one  may  take  more  than  one  sup- 
plementary examination.  The  standing  in  supplementaiy  exami- 
nation carries  with  it  the  same  rights  as  in  other  subjects.  The  fee 
for  this  examination  is  5  kronor  for  each  subject,  plus  3  kronor  for 
making  out  reports,  plus  1  krona  for  janitor  service. 

The  hcentiatexamen  calls  for  insight  into  the  more  fundamental 
parts  of  modern  higher  mathematics.  The  liiglier  certificates  require 
an  exceptional  scientific  thesis  based  upon  special  studies  appro- 
priately chosen.  There  is  considerable  latitude  in  making  the  choice. 
But  "however  the  subjects  are  arranged,"  the  announcement  con- 
cerning the  examination  reads,  "one  must  neither  thrust  to  one  side 
modem  insistence  on  logical  exactness  nor  neglect  geometrical  mtui- 
tive  methods." 

In  preparation  for  the  filosofie  licentiatexamen  in  mathematics, 
the  lectures  in  liigher  mathematics  delivered  by  j)rofess()i-s  or  assist- 
ants are  intended  either  to  illuminate  such  parts  of  broad  fields  as 
are  httle  available  on  account  of  gaps  in  texts,  etc.,  or  (dso  to  orient 
the  student  in  some  special  topic.  The  seminary  exercises  have 
the  same  end  in  view. 

Among  the  texts  which  are  useful  in  preparing  for  this  examina- 
tion in  the  most  fundamental  fields  the  following  are  mentioncMl  in 
the  Studiehandbok  of  the  University  of  Lund : 

E.  PICARI),  7Vai/«rf'a;(///i//»<?.     2.  Edition.     3  tomej?.     Paris,  1901-1909. 

W.  F.  OSGOOD,  Uhrlmrh  der  Funktionentheorxt .     Band  I.     2.  Auflage.    Leipzig,  1912. 

(More  compleU'  in  some  respects  than  Picard.) 
N.  NIELSEN,  I^aerehog  i  eUmentaer  Funklionsteori.     Kobnhavn,  1909. 
H.  DUREGE,   Elrrnenlt  der    Theorit  der  Funklinnen  ciner  komplexen  veranderlichen 
Grosie.     5.  .V ullage  bearbeitet  von  Maurer.     I^ipzig,  190ti. 
Can  b«  used  with  advantage  for  an  introductory  course. 

C.  JORDAN,  Cours  danalyse  de  V ikoie  Folyterhnique.    3.  Edition.     3  tomes.     Paris, 
190&-1915. 

Separate  sections  on  elliptic  functioos  and  also  introductory  chapters  on  partial  dilTerential 
equations. 
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C.  A.  A.  BRIOT  et  J.  C.  BOUQUET,   TMorie  des  fonctions  elHptiques.     2.  Edition. 
Paris,  1875. 
In  many  respects  now  antiquated,  but  can  still  be  used  with  profit. 

L.  SCHLESINGER,  Einfuhrung  in  die  Theorie  der  Differentialgleichungen.  2.  Au- 
flage.     (Sammlung  Schubert.)     Leipzig,  1904. 

K.  HENSEL  und  G.  LANDSBERG,  Theorie.  der  algehraischen  Funktionen  einer  Varia- 
hlen  und  iJire  Anwendung  auf  algebraische  Kurven  und  Abelsche  Integrale.  Leip- 
zig, 1902. 

C.  F.  E.  BJORLTNG,  Ldrobok  %  nyare  plan  geometri  (och  algebra).     Lund,  1896. 

G.  SALMON,  Traite  de  geometrie  analytique:  courbes  plans.  3  Edition  par  0.  Chemin. 
Paris,  1903. 

H.  WEBER,  Lehrbuch  der  Algebra.     2.  Auflage.     3  Biinde.     (Band  III:  Elliptische 
Funktionen  und  algebraische  Zahlen.)     Braunschweig,  1898-1908. 

E.  NETTO,  Substitutionentheorie  undihre  Anivendiing  auf  die  Algebra.     Leipzig,  1882. 
J.  P.  C.  PETERSEN,  De  algebraiske  Ligninger's  Theori.     K0bnhavn,  1877.     (For  an 

introduction  to  the  subject.) 
J.  TANNERY,  Introduction  a  V etude  de  la  theorie  des  nombres  et  de  Valglbre  superieure. 
Conferences  redigees  par  E.  Borel  et  J.  Drach.     Paris,  1895. 
For  an  introduction  to  the  subject. 

F.  KLEIN,    Vorlesungen  ilber  das  Ikosaeder  und  die  Aujlosung  der  Gleichungen  vom 

fiinften  Grade.     Leipzig,  1884. 
SCHEIBNER,  Beitrdge  zur  Theori-e  der  linearen   Transformationen  als  Einleitung  in 
die  algebraische  Invariantentheorie.     Leipzig,  1908. 

G.  SCHEFFERS,  Anwendung  der  Differential-  und  Integralrechung   auf  Geometrie. 

Band  II:  Einfuhrung  in  die  Theorie  der  Flachen.  2.  Auflage.  Leipzig, 
1913. 

P.  BACHMANN,  Grundlehren  der  neuern  Zahlentheorie  (Sammlung  Schubert).  Leip- 
zig, 1907. 

A.  R.  FORSYTH,  Treatise  on  differential  equations.     4.  edition.^     London,  1914. 

Contains  a  great  number  of  useful  examples,  but  is  not  satisfactory  from  a  theoretical  point  of 
xnew. 

SERRET-HARNACK,  Lehrbuch  der  Differential-  und  Integralrechnung .  Band  III: 
Differentialgleichungen  und  Variationsrechnung.  3.  Auflage.  Bearbeitet  von 
G.  Scheffers.     Leipzig,  1909. 

0.  Bohlmann  and  E.  Zermelo  were  the  editors  of  the  second  German  edition  in  1904. 

The  statements  of  the  University  of  Lund  concerning  the  filosofie 
licentiatexamen  in  mechanics  are  as  follows: 

To  obtain  the  mark  B,  the  requirements  are  the  same  as  for  the 
highest  certificate  in  the  filosofisk  ambetsexamen  in  mechanics. 

To  obtain  the  mark  AB,  the  candidate  must  (a)  have  prepared 
himself  in  a  complete  course  in  general  dynamics  and  mechanics  of 
a  rigid  body  in  conformity  with  the  requirements  for  the  highest 
certificate  in  the  filosofisk  ambetsexamen;  (b)  have  some  acquaint- 
ance with  the  most  important  branches  of  mathematical  physics 
and  of  the  mechanics  of  continuous  media;  (c)  have  a  thorough 
grasp  of  at  least  one  of  the  sciences  (for  example,  hydrodynamics, 
or  theory  of  elasticity  or  thermodynamics,  etc.),  together  with  a 

'  The  second  edition  by  W.  Jacobsthal  of  H.  Maser's  German  translation  (with  the  solutions  of  the  prob- 
lems) of  the  third  English  edition  of  Forsyth's  work  was  published  at  I^eipzig  in  1912. 
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detailed  study  of  the  mod(>rn  literature  connerted  with  tlie  science 
in  question. 

To  obtain  the  mark  ,1,  the  cau(H(hite  must  not  only  meet  the 
requirements  just  indicated,  hut  must  also  prepare  a  piece  of  research 
work  of  actual  scientific  value. 

The  person  who  intends  to  devote  himself  specially  to  mechanics 
or  mathematical  physics  is  advised  to  direct  his  studies  for  the 
ambetsexamen  in  such  a  way  as  to  enable  liim  to  obtain  two  certifi- 
cates in  physics  and  the  liighest  certificate  in  mathematics.  In 
the  latter  subject  the  main  empliasis  should  bo  on  analysis,  such  as 
ordinary  and  partial  difl'erential  equations,  calculus  of  variations, 
general  theory  of  functions,  elliptic  functions,  together  with 
spherical  harmonics  and  Bessel's  functions. 

Literature  list. — Tlie  hterature  hst  given  below  lays  no  claim  to 
completeness,  and  the  entries  are  chiefly  of  works  suitable  as  text- 
books. Among  books  in  one  and  the  same  subject  those  stand  last 
which  on  account  of  size  or  character  are  better  suited  to  profound 
study  in  the  special  subject.     Short  or  popular  texts  come  first. 

H.  WEBER,  Die  partiellen  Differentialghichungen  der  mathematischen  Physik.  2 
Biindc.     5.  Auflage.     Braunschweig,  1910-1912. 

A.  WANGERIN,  TheorU  des  Potentials  und  der  KugeJfunktionen.  (Sammlung  Schu- 
bert.)    Band  I.     Leipzig:,  1909. 

A.  GRAY  and  G.  B.  MATHEWS,  A  Treatise  on  Bessel  functions .     London,  1895. 

CHRISTLWSEN-MULLER,  ElemenU  der  theoretischen  Physik.'  3.  Aufiage. 
Leipzig,  1910. 

P.  APPELL,  Traiti  de  micanique  rationelle.     Tomes  1-2, 3.  ^ition.     Paris,  1909-1911; 

tome  3,  2.  Edition,  Paris,  1908. 

The  first  volume  may  be  dispensed  with,  sinf-e  it  hiis  been  already  read  for  the  certificate  In 
the  ambetsexamen.  The  third  volume  contains  the  theory  of  potential,  hydromechanics,  and 
theory  of  elasticity. 

E.  MACH,  Die  Mechanih  in  ihrer  Entmicklung  historisch-kritisch  dargestellt.^  7. 
Auflage.     Leipzig.  1912. 

Critical  presentation  of  the  foundations  of  mechanics.  Recommended  even  for  the  highest 
certlQcates  in  the  ambetsexamen. 

G.  R.  KIRCHOFF,  Vorlesungen  iiber  mathematische  Physik.  Band  1:  Mechanik.  4. 
Auflage  von  W.  Wien.     Leipzig,  1897. 

Succinct  presentation— esr>ecially  fro-n  the  mathematical  standpoint— of  the  whole  of 
mechanics. 

"W.  TDOMSON  and  P.  G.  TAIT,  Treatise  on  Natural  Philosophy.  New  edition,  2 
volume?.     Tamhridge,  1903. 

A  masterly  presentation  of  mechanics  from  the  physicist's  standpoint,  bat  unsystematic  and 
for  that  reason  unsuitable  as  a  text.  In  p.irt  perhaps  somewhat  out  of  date,  but  none  the  less 
readable.    Complements  .\ppell  and  Kirchofl  in  valuable  manner. 

E.  J.  ROUTH,  Treatise  on  the  Dynamics  of  a  System  of  Rigid  Bodies.  2  volumes. 
Volume  1:  The  elementary'  part,  .seventh  edition,  London,  1905.  Volume  2: 
The  advanced  part,  sixth  edition,  London,  1905. 

'  English  translation  of  the  Orst  edition  by  W.  F.  .Uajne.     London,  1897. 
En'^IIsh  translation  from  the  second  Oerninn  edition  by  T.  J.  McCormack,  Chicago,  1)j93.    2d  edition, 
revised,  1902.    Supplement  by  P.  E.  B.  Jourdain,  Chicago,  1915. 
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H.  R.  HERTZ,  Gesammelte  Werke.  Band  3:  Die  Prinzipien  der  Mechanik  in  neuem 
Zusammenhange  dargestellt.  Herausgegeben  von  P.  Leuard.  2.  Auflage. 
Leipzig,  1910. 

Short  courses  in  hydromechanics  and  theory  of  elasticity  were  written  by 
Webster.  Appell,  and  Kirchhoff  (see  above). 

W.  WIEN,  Lehrbuch  der  Hydrodynamik,  Leipzig,  1900. 

H.  LAMB,  Hydrodynamics.  3.  edition,  Cambridge,  1906.  (Also  in  German  by 
Friedel,  1907).     4.  English  edition,  1916. 

A.  E.  H.  LOVE.  A   Treatise  on  the  Mathematical  Theory  of  Elasticity.     Second  edi- 
tion, Cambridge,  1906. 
Also  translated  into  German  by  Timpe,  1907. 

H.  LAMB.   The  Dynamical  Theory  of  Sound.     London,  1910. 

J.  W.  S.  RAYLEIGH,  Theory  of  Sound.     New  edition.     London,  1894-1896. 

M.  PLANCK,  Vorlesungen  iiber  Thermodynamik.     4.  Auflage.     Leipzig,  1913. 

W.  VOIGT,    Thermodynamik.     2  Bande.     (Sammlung  Schubert.)     Leipzig,  1903-4. 

E.  MACH,  Die  Prinzipien  der  Warmelehre  historisch-kritisch  dargestellt.     2.  Auflage. 
Leipzig,  1900. 

G.  JAGER,  Die  Fortschritte  der  kinetischen  Gastheorie,  Braunschweig,   1906. 

O.    E.   MEYER,   Die  Kinetische    Theorie  der  Gase.^     2.  Auflage.     Leipzig,  1899. 

JEANS,    The  Dynamical   Theory  of  Gases.     2.  edition.     Cambridge,   1916. 

L.  BOLTZMANN,  Vorlesungen  iiber  Gastheorie.     2  Bande,  2.  Auflage.     Leipzig,  1912. 

J.  W.  GIBBS,  Elementary  Principles  in  Statistical  Mechanics.  Developed  with  special 
reference  to  the  rational  foundation  of  thermodynamics.  ^New  Haven,  1902. 
(Also  in  German  by  Zermelo,  1905.) 

P.  CRUDE,  Die  Physik  des  Aethers  auf  elektromagnetischen  Grundlage.  Stuttgart, 
1894. 

A.  FOPPI^M.  ABRAHAM,  Theorie  der  Electricitat.  Band  1.  3.  Auflage.  Leip- 
zig, 1907. 

P.  DRUDE,  Lehrbuch  der  Optik.     3.  Auflage  von  E.  Gehrcke.     Leipzig,  1912. 

H.  A.  LORENTZ,  The  Theory  of  Electrons  and  its  Applications  to  the  Phenomena  of 
Light  and  Radiant  Heat.     Leipzig,  1909. 

M.  PLANCK,    Vorlesungen  iiber  die  Theorie  der  Warmestrahlung.     Leipzig,  1906. 

Doctorate. — In  order  to  procure  the  degree  of  doctor  of  philosophy 
the  candidate  must  have  passed  the  filosofie  licentiatexamen,  and 
have  pubhshed  and  pubUcly  defended  an  original  scientific  thesis 
on  a  subject  connected  with  the  studies  in  which  he  has  received 
commendation  in  the  hcentiatexamen.  The  thesis  and  defense  or 
disputation  must  be  satisfactory  to  the  faculty. 

Tlie  members  of  the  mathematics-natural  science  faculty  are 
supposed  to  be  present  at  the  disputation,  in  which  a  representative  of 
the  faculty  and  two  supporters  of  the  candidate  take  part.  The 
regulations  seem  to  imply  that  such  functions  are  not  always  of  an 
amiable  character:  "The  dean,  or  some  other  professor  whom  he  may 
appoint,  shall  see  to  it  that  order  and  decorum  are  preserved.  In 
case  disorder  or  disturbance  arises  and  can  not  be  quelled  by  pleasant 
means  by  liim  or  his  deputy,  he  has  the  right  to  dismiss  the  assembly. 
Whatever  he  requires  must  be  immediately  observed  by  all  present." 
The  paragraph  then  concludes,  ''After  the  disputation  has  lasted  four 

1  English  tran-slation  of  the  second  revised  edition,  by  R.  N.  Baynes.  London,  1899. 
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hours  tlie  doan.  or  l\is  dopiitv,  may  conrliido  tlio  samo  if  lio  is  so 
inclined.'' 

Courses. — In  IS'Jl  roi!;ulHtions  as  to  the  nature  aiul  method  of 
instruction  in  Swedish  univei-sities  were  formuhited.  They  provided 
that  all  instruction  given  witli  a  view  to  pre])arino:  for  examinations 
must  be  so  arraui^ed  that  "scientific  lectures  in  each  examina- 
tion suhject  shall  be  given  each  3^ear,  and  tliat  exercise  courses, 
partly  introductory  coui"ses,  and  partly  seminary  courses  shall  be 
furnished."  They  provided  also  that  "one  course  within  the  pur- 
view of  the  faculty  instruction  should  conclude  with  an  oral  or  otlier 
examination  suitable  for  those  electini!:  the  course." 

Consequently,  as  far  as  the  number  of  instructors  will  allow,  an 
endeavor  is  made  to  provide  amuially  the  essential  requirements  for 
the  predicate  AJ)  in  the  filosofisk  iimbetsexamon,  and  in  addition  at 
lejvst  the  t^pecially  fundamental  parts  of  analytic  geometry  and 
calculus,  which  properly  belong  to  a  propaedeutic  course.  In  special 
exercises,  on  which  great  stress  is  laid,  an  attempt  is  made  to  have 
the  students  acfpiire  the  habit  of  solving  with  facility  liardor  problems, 
such  as  are  generally  treated  in  the  coui-ses.  In  Lund  these  coui-sos 
antl  exercises  are  compulsory  to  a  certain  extent;  m  llpsala,  require- 
ments of  this  kind  have  not  yet  been  introduced  in  connection  with 
mathematics. 

The  public  lectures  aim  to  give,  on  the  one  liand,  broad  general 
presentations  of  fields  which  properly  belong  to  examination  courses; 
on  the  other  hand  a  thorough  discussion  of  special  questions.  In 
the  seminar}^  exercises  antdysis  of  memoirs  and  report  and  discussion 
of  original  papers  encourage  the  development  of  intlepondent  scien- 
tific work. 

The  following  courses  in  astronomy,  pure  mathematics,  ami 
mechanics  were  offered  at  the  University  of  Lund  dming  the  four 
semesters  (whicli  are  now  refencd  to  hero  as  first,  second,  third,  and 
fourth),  from  the  autumn  semester,  1914,  to  the  spring  semester,  1916, 
inclusive: 

Durinp  thp  fimt  semester  Prof.  ('.  V.  L.  Charlier  lectured  on  "Motions  of  star 
clusters":  duriup  the  second  on  "Multiple  correlation"  and  "Use  of  the  kinetic 
theor>"  of  gas  in  tlie  niution  of  star  clusters, "  three  hours  a  week;  during  the  third  on 
"Selected  parts  of  the  theor>- of  enumerating  the  stars";  and  during  the  fourth  for 
three  hours  a  week  on  "Selcted  parts  of  star  statistics."  In  ea<h  of  the  semesters 
<'harlier  and  an  assistant  conducted  a  seminary  in  astronomy  for  those  asjiiring  to  the  " 
marks  B,  AB,  or  higher  in  the  filosofisk  iimbetsexamen. 

T.  Brod6n,  professor  of  mathematics,  conducted:  (a)  In  the  first  semester — (i)  a 
preliminar>-  course  with  the  aid  of  an  assistant;  (ii)  a  course  of  ahout  20  lectures  on 
the  theory-  of  functions;  (iii)  an  elementar}'  course  of  about  10  lectures  on  infinite 
series;  (iv)  an  elementar.'  seminary-  course,  two  hours  ever>'  fortnight,  (h)  Second 
semester — (i)  a  preliminarj'  course;  (ii)  a  course  on  selected  topics  of  the  aml»etsexa- 
men:  (iii^  a  course  on  theor\'  of  functions  (about  30  lectures);  (iv)  a  f  oursc  on  some 
phase  of  the  modern  theory  of  aggregates;  (V)  an  elementary  seniinarj-  course,     (c) 
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Third  semester — (i)  a  course  in  theory  of  equations,  a  preliminary  course  in  calculus, 
selected  topics  in  theory  of  conies  and  certain  arithmetic  applications  of  higher  analysis, 
three  hours  a  week;  (ii)  an  advanced  seminary  course  on  the  connection  between 
analysis  and  the  theory  of  numbers,  one  hour,  (d)  Fourth  semester — (i)  preliminary 
course;  (ii)  elementary  course  in  algebraic  analysis  and  arithmetic  applications  of 
higher  analysis,  two  hours;  (iii)  advanced  seminary^  exercises,  one  hour. 

V.  W.  Ekman,  professor  of  physics:  First  semester — (i)  mechanics,  two  hours  a 
week  for  two  certificates  in  the  ambetsexamen;  (ii)  hydrodynamics,  one  hour;  (iii) 
exercises  in  mechanics,  one  hour.  Second  semester — (i)  mechanics  (first  course), 
three  hours;  (ii)  motion  of  liquids  and  theory  of  friction,  one  hour;  (iii)  exercises  in 
mechanics,  one  hour.  Third  semester — -(i)  mechanics  (continuation  course  and 
course  for  two  reports  in  ambetsexamen);  (ii)  theory^  of  elasticity,  one  hoiu';  (iii) 
exercises  in  mechanics,  one  hour.  Fourth  semester — (i)  preliminary  course  in 
mechanics,  two  hours;  (ii)  theory  of  elasticity,  one  hour;  (iii)  exercises  in  mechanics, 
one  hour. 

N.  E.  Norlund,  professor  of  mathematics:  First  semester — (i)  elliptic  and  auto- 
morphic  functions,  three  hours;  (ii)  advanced  mathematical  seminary,  one  hour. 
Second  semester — (i)  elliptic  and  automorphic  functions,  one  hour;  (ii)  theory  of 
numbers,  one  hour;  (iii)  advanced  mathematical  seminary,  one  hour.  Third  semester — 
automorphic  functions  and  higher  algel^ra,  three  hours;  (ii)  elementary  mathematical 
seminary,  one  hour.  Fourth  semester — (i)  higher  algebra,  three  hours;'  (ii)  elemen- 
tary mathematical  seminar^',  one  hour. 

F.  A.  Engstrom,  astronomical  observer:  All  four  semesters — (i)  use  of  simpler  astro- 
nomical instruments  for  determination  of  the  time  and  of  latitude,  one  hour; 
(ii)  exercises  in  astronomical  observations. 

H.  G.  Block,  decent  in  astronomy:  First,  second,  and  third  semesters — in  each, 
celestial  mechanics,  15  lectures. 

N.  G.  O.  Kuylenstierna,  docent  in  mathematics:  First  semester — on  Laplace's  equa- 
tion, 15  lectures.  Second  semester — integral  equations,  20  hours.  Third  semester — 
selected  chapters  in  the  theory  of  Linear  differential  equations,  15  lectures. 

K.  A.  W.  GyMenberg,  docent  in  astronomy:  Third  semester — (i)  spherical  astronomy, 
for  meeting  requirements  for  AB  in  filosofisk  ambetsexamen;  (ii)  general  astronomy 
and  the  stars  (requirements  for  B  in  same  examination).  Fourth  semester — (i)  deter- 
mination of  orbits  of  comets,  3  hours:  (ii)  spherical  astronomy  (for  AB  in  ambetsexa- 
men), 20  hours. 

S.  D.  Wicksell,  docent  in  mathematical  statistics:  Third  semester — elementary 
principles  of  mathematical  statistics,  25  hours.  I^urth  semester — theory  of  corre- 
lation, 25  hours. 

At  the  University  of  Upsala  in  the  spring  term  of  1916  courses  in 
the  following  subjects  were  offered:  Linear  differential  equations, 
theory  of  functions,  differential  equations,  trigonometric  series, 
theory  of  electricity,  rational  mechanics,  integral  equations,  and 
theoretical  astronomy. 

SECONDARY-SCHOOL  TEACHERS. 

There  has  been  given  above  an  outline  of  the  work  that  a  mathe- 
matical teacher  must  do  in  the  State  secondary  schools,  and  of  work 
in  school  and  university  which  he  must  have  completed  by  way  of 
preparation.  But  Sweden  requires  still  more,  namely,  a  year  of 
probation  (provar).  This  year  of  professional  training  is  taken  at 
one  of  the  seven  schools  officially  prescribed  for  this  purpose,  three  of 
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which  are  located  at  Stockhohn,  one  at  Upsala,  one  at  Lund,  and 
two  at  Goteborij.     Tlio  number  of  "candiihitos"  is  about  70  a  year. 

Havint;  finished  his  university  course  in  tlio  spring,'  and  having: 
decided  to  l)ecomo  a  teachiU'  in  secon<hiry  schools,  the  canilidate 
sends  to  the  royal  boartl  of  secondary  schools  copies  of  hLs  final 
examination  certificate  and  of  liis  various  university  certificates, 
naming  at  the  same  time  the  throe  subjects  he  wishes  to  be  trained 
in,  which  are,  say,  mathematics,  physics,  and  chemistry.  In  the 
autumn  he  is  assigned  to  some  one  of  the  schools  along  with  perliaps 
nine  others.  After  he  has  had  an  inters'iew  with  the  head  master 
or  rektor,  there  are  assigned  to  him  Uom  tlie  members  of  the  stafT, 
various  supervisors  or  directors,  under  whose  particular  direction  he 
remains  during  his  training.  A  man  may  have  one  supervisor  given 
him  for  mathematics  in  the  lower  classes,  another  for  mathematics 
in  the  higher,  and  a  third  for  physics  and  chemistry.  The  first  two 
or  three  weeks  may  be  spent  in  watching  the  work  of  the  classes  (the 
lowest  for  the  most  part)  and  listening  to  the  instruction  given. 
Tlien  comes  a  little  toachhig,  fn-st  in  the  presence  of  the  teacher  and 
tlien  in  his  absence.  After  that  comes  the  first  "criticism  lesson"' 
given,  perhaps,  to  the  lowest  class,  in  the  pro-ence  of  the  rektor  and 
the  teacher  of  the  class  and  the  rest  of  the  students  in  training.  As 
soon  as  possible  after  the  termination  of  the  lesson  all  those  who  thus 
witnessed  it  meet  with  the  candidate  and  discuss  its  matter  and 
manner.  And  so  in  the  second,  third,  and  fourth  classes  there  might 
be  Ustening  and  teaching  and  a  second  "criticism  lesson."  In  the 
fifth  class  there  is  possibly  continuous  teaching  for  a  month,  both 
with  and  without  the  teacher;  then  "criticism  lessons"  follow;  and 
the  first  tenn  closes  with  the  class  leaving  the  realskola  for  the 
gymnasium. 

In  the  spring  tonn  the  candidate  watches  the  teaching  of  algebra 
and  geometry  in  Ring  I,  going  through  his  first  "criticism  lesson"  in 
those  subjects  in  Ring  II.  He  may  have  a  criticism  lesson  in  Ring  III 
in  trigonometry  and  solid  geometry,  and  in  Rings  II-IV,  he  may  have 
criticism  lessons  in  physics  and  chemistry,  or  he  may  give  a  month 
of  continuous  instruction  in  one  of  these  subjects  followed  by  a  criti- 
cism lesson.  In  addition,  he  is  expected  to  take  class  teaching  if  one 
of  his  supervisors  is  kept  away  on  account  of  Ulncss. 

Besides  all  tliis.  an  elaborate  series  of  lectures  is  given  to  the  candi- 
dates on  the  theory  and  liistory  of  education  and  pedagogy.  Lec- 
tures are  also  given  on  method  in  connection  with  special  subjects. 

The  rektor,  having  heard  the  criticism  lessons  and  received  peri- 
odical reports  both  from  the  candidate  and  his  supervisore,  holds  a 
scrutinium,  attended  by  those  of  iiis  colleagues  who  have  taken  part 

'  From  Mr.  Thornton's  report. 

'  A  "criticism  lesson''  is  a  lesson  specially  prepared  for  criticism  on  the  part  of  his  fellow  candidates  and 
of  his  teachers. 
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ill  the  training;  and  the  precise  character  of  the  certificate  to  be 
given  the  candidate  is  then  settled  by  discussion  and  by  full  inter- 
change of  opinion  and  evidence.  This  certificate  becomes  an  im- 
portant asset  in  the  teacher's  stock  in  trade,  one  upon  which  the 
character  of  his  first  employment  largely  depends.     A  sample  follows: 

TRAINING  CERTIFICATE. 

X  Y  Z,  Licentiate  in  Philosophy, 

who  in  autumn  term  1S93  and  spring  term  1894  according  to  the  regulations  in 

force  has  undergone  a  training  course  at  the  Elementarlaroverk  in  this  place,  has 

displayed 

in  the  theoretical  course: 

an  exceedingly  satisfactory  '  knowledge  of  the  theory  and  history  of  education; 

in  the  practical  course: 

In  Mathematics  (Class  I,  III,  V,  VI  2,  VII,  1)-  a  distinguished^  capacity  for 
teaching. 
In  Physics  (Class  VI  and  VII  1)  an  exceedingly  satisfactory  capacity  for 

teaching. 

In  Chemistry  (Class  VI  and  VII  1)  an  exceedingly  satisfactory  capacity 
for  teaching. 

In (Class ). 

and  there  has  therefore  been  awarded  to  him,  as  a  public  testimony  to  his  capacity 
for  teaching,  the  certificate  "exceedingly  satisfactory."     He  has  besides  shown 
distinguished  industry  and  exceptional  aptitude  for  the  teachers  calling. 
Upsala,  the  2d  of  June,  1894. 

(Signed)  A.  B.,  (Signed)  C.  D., 

Principal  in  the  Principal  in  the 

practical  course,  theoretical  course. 

The  teaching  staff  of  a  gymnasium  consists  of  the  rektor  or  head 
master  and  three  ranks  of  permanent  teachers:  (a)  Professors 
(Jektorer)  who  teach  chiefly  in  the  upper  classes  of  the  higher  schools 
and  who  must  be  doctors;  (&)  assistant  professors  {adjunkter),  who 
teach  in  realskolor,  in  lower  classes  of  large  gymnasia,  and  in  the 
smaller  gymnasia,  and  who,  as  far  as  the  university  is  concerned,  need 
only  to  have  passed  the  filosofisk  ambetsexaiuen ;  ^  and  (c)  instructors 
(ovningsldrare)  teacliing  drawing,  music,  gymnastics,  and  the  use  of 
arms. 

According  to  the  official  regulations  the  appHcant  for  a  position  as 
a  lektor  or  adjunkt  on  the  staff  of  a  State  secondary  school  must — 

(1)  Be  23  years  old,  at  least. 

(2)  Be  in  good  health  and  not  crippled  in  such  a  way  as  to  be 

unable  to  get  about. 

I  That  is,  a. 

*  These  Classes  VI 1,  2,  and  VII 1,  2,  are  now  knowTi  as  Rings  I,  II,  and  Rings  III,  IV. 

*  That  is,  X. 

*  The  prospective  adjunkt  of  mathematics  who  lias  passed  this  examination  may  have  taken  mathe- 
matics as  a  third  subject  with  one  of  the  groups  in  the  humanities. 
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(3)  Be  known  for  honor  and  probity,  and  in  oiae  the  chair  'ncluile^ 

instruction  in  religious  ninttors.  must  confess  hehwf  in  the 
true  evan<;elicaJ  faith. 

(4)  Be  conspicuous  for  sincerity  and  streno^th  of  character,  and  for 

the  jjood  temper  necessary  in  the  guidance  of  youth. 

(5)  Be  endowed  with  ability  easily  and  clearly  to  impart  ijistruc- 

tion. 

(6)  Be  thoroughly  conversant  with  the  subjects  connected  with 

the  chair  he  seeks. 

(7)  Be  prepared  by  a  year  of  professional  training. 

(8)  Have  perfonned,  with  industry  and  skill,  for  a  period  of  not 

less  than  two  years,  the  duties  wliich  devolve  upon  a  lektor 
or  adjunkt  in  (a)  a  boys'  high  school;  or  (b)  some  institution 
of  learning  under  the  jurisdiction  of  the  royal    l^oard;  or 
(c)  a    training   seminary   for   elementary   schools;  or    (d)  a 
technical  elementary  scho(jl;  or  (e)  the  royal  naval  academy; 
or  (f)  a  high  school  supported  by  the  State.     Or  have  served 
as  docent  in  a  university  for  not  less  than  two  years,  in  such 
a  manner  as  would  entitle  him  to  an  honorarium. 
Tlie  prospective  lektor  must  also  (a)  have  obtained  AB  or  higher 
in    all    those   subjects   of   the   ambetsexamen   which   correspond   to 
subjects  in  wliich  the  chair  has  been  announced  as  vacant;    (6)  have 
passed  the  hcentiatexamen   with   the   gi-ade   AB   or   liigher   in   one 
of  those  subjects;    (c)  have  satisfied  the  requirements  for  the  doc- 
torate.    The  lektor  who  teaches  mathematics  must  also  be  conversant 
with  the  mechanics  and  astronomy  in  the  course  for  tlie  licentiate. 
In  the  larger  gymnasia  the  rektorer  are  required  to  teach  from 
12  to  16  hours  a  week,  in  tlie  smaller  from  20  to  24;    the  professors 
from  18  to  22;    and  the  assistant    professors  from  20  to  28  hours 
a  week.     A  rektor  at  a  realskola  is  obhgcd  to  teach  from  18  to  20 
hours  weekly. 

An  adjunkt  begins  with  a  salary  of  3,000  kronor  (about  $818) 
whit  h  may  be  increased  500  kronor  every  five  years  until  the  maxi- 
mum salary  of  5,000  kronor  is  reached.  In  Stockholm,  Goteborg, 
and  Norrkoping  schools  the  municipjdity  also  makes  a  grant  toward 
rent  of  apartments.  The  salaries  of  lektorer  range  from  4,000  to 
6,000  kronor.  There  are  two  scales  of  salaries  for  tlic  rektor ;  namely, 
6.000  kronor  in  the  higher  schools,  with  an  increase  of  500  kronor 
after  10  years,  and  5,000  krojior  in  tlio  realskolor  with  like  increase 
after  10  years.  In  addition  to  tliis,  rektorer  have  free  lodging  or  an 
equivalent  allowance. 

All  teachers  are  obhged  to  contribute  an  annual  quota  (maximum, 
200  kronor)  to  their  future  pension.  On  attaining  the  age  of  65  and 
after  35  years  of  service,  teachers  on  the  permanent  staff  are  entitled 
to  a  pension — 4,000  kronor  (about  S  1,090.80)  for  lektorer  and  3,400 
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for  adjunkter.     The  rektor  receives  liis  pension  (5,000  kronor  in  the 

gymnasia,  4,000  kronor  in  the  realskolor),  provided  he  has  held  the 

post  of  rektor  for  at  least  15  years.     The  widow  and  children  of  a 

teacher  on  the  permanent  staff  receive  a  considerable  pension  from 

a  State-aided  and  State-controlled  Widows'  and  Orphans'  Pension 

Fund. 
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>  That  Is,  autumn  term— from  Sept.  1  to  Dec.  16. 
•  That  is,  spring  term— from  Jan.  15  to  June  1. 


XVII.   S^^TZERLAND. 


Switzerland  is  a  confederation  of  25  Cantons.  It  has  a  total  area 
of  less  than  16.000  square  miles  and  a  population  of  about  3,900,000. 
The  Cantons  vary  jjreatly  in  size;  for  example,  Bern  (Berne),  Grau- 
biinden  (Grisons),  VaJais  ("Wallis)  are  each  over  2,000  square  miles 
in  extent,  whiJe  the  area  of  the  Canton  of  Zug  (Zoug)  is  less  than 
100  square  miles.'  German  is  spoken  by  the  majority  of  the  inhab- 
itants in  19  of  the  Cantons,  French  in  5,  and  Itahan  in  1.  About 
two-thirds  of  the  total  population  speak  German;  about  800,000, 
P>ench;  and  about  300,000,  Itjilian. 

There  is  no  centnJization  of  control  in  educational  matters.  Each 
Canton  is  almost  completely  autonomous  in  the  arrangement  of  its 
school  system,  and  while  there  are  many  similar  features  in  the 
organization,  the  ideals  are  often  widely  divergent.  But  it  is  cer- 
tainly true  that  in  no  country  is  the  importance  of  training  for  the 
primary'  school  teacher  more  clearly  recognized  than  in  Switzerland. 
There  are  no  fewer  than  4  State  or  private  training  colleges  for  such 
teachers  in  this  little  Repubhc. 

SECONDARY  SCHOOLS. 

The  secondary  schools  leading  to  higher  studies  have  different 
names  in  the  different  Cantons:  CoUege,  gymnase,  Oherrealschule, 
Kantonschule .     This  last  is  the  most  common  in  the  Gennan  Cantons. 

Examined  from  the  point  of  view  of  their  external  organization, 
these  establishments  present  many  notable  differences.  We  gener- 
ally find  two  cycUfi.  The  first  cycle  is  of  three  or  four  years  and 
f(^rms  the  college  or  g^Tnnase  inf^rieur;  the  second  cycle  comprises 
from  four  to  four  and  one-half  years.  Pupils  enter  this  latter  cycle 
at  the  age  of  14  or  15  years. 

A  gymnasium  may  be  divided  into  two,  three,  or  even  four  sec- 
tions, according  to  the  foreign  languages  taught.  The  two  main 
sections  conmion  to  ail  the  gvonnasia  are:  (a)  The  classical  section, 
which  lea<ls  to  all  the  university  faculties  (and  to  the  Federal  Poly- 
techi\ic  School  after  special  preparation  in  mathematics),  the  special 
studies  being  La  tin,  Greek,  and  philosophy;  (b)  the  te  ch  nical  or  indwst  rial 
section,  which  leads  more  particularly  to  scientific,  technicid,  or  indus- 
trial careers.  The  students  who  go  out  from  this  section  are  admit- 
ted directly  to  the  faculties  of  science  and  of  letters,  to  the  technical 

>  Although  Bern  is  not  the  largest  Canton,  it5  pop'ilation  of  about  665,000  is  the  grcatost.     The  C«nton 
of  Zurich,  with  an  area  o(  some  6V0  square  miles,  raak&  next,  with  a  population  o(  about  540,000. 
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faculty  at  Lausanne,  and  to  the  Federal  Polyteclinic  Scliool.  The 
gymnasiiun  at  Geneva  possesses  two  other  sections :  (c)  The  Real  sec- 
tion, in  which  Latin  is  tausjlit  in  adthtion  to  modern  languages.  (It 
corresponds  ahnost  exactly  to  the  section  Latin-sciences  in  France 
or  to  the  Realgymnasium  in  Germany,  and  its  certificates  of  gradua- 
tion admit  to  university  faculties.)  {d)  The  'pedagogic  section,  which 
prepares  candidates  for  teaching  in  the  primary  school  and  which 
also  leads  to  the  facuUies  of  science  and  letters. 

Although  secondary  schools  are  under  cantonal  or  municipal  direc- 
tion, there  is  in  their  programs  a  certain  necessary  common  mini- 
mum brought  about  by  Federal  influence  in  connection  with  require- 
ment for  examensfederaux  de  maturite  pour  les  candidais  aux  professions 
medicales.  The  requirements  in  mathematics  for  this  examination 
are  as  follows:  (a)  AJgehra. — Equations  of  the  first  and  the  second 
degree  in  one  and  several  unknowns;  logarithms;  arithmetic  and 
geometric  progressions;  compound  interest  and  annuities;  permu- 
tations and  combinations;  probabilities;  binomial  theorem  with  inte- 
gral exponent.  (6)  Geometry. — Plane  and  soUd  geometry;  plane 
trigonometry;  facility  in  construction  of  geometric  figures;  analytic 
geometry  of  point,  line,  circle,  and  conic;  application  of  the  theory 
of  graphic  representation  to  simple  analytic  functions  and  elemen- 
tary functions  of  physics  and  mechanics. 

The  mathematical  reciuirements  of  secondary  schools  often  exceed 
these.  In  the  Oberrealschule  of  Basel,  which  is  open  to  suitably 
prepared  students  who  are  14  years  of  age,  the  scheme  of  courses  is 
as  foUows: 

Class  I.  Arithmetic  and  algebra  to  equations  of  the  first  degree  in  several  unknowiis 
(3  hours).  Plane  geometry  and  the  beginning  of  solid  geometry  (3  hours).  Geomet- 
ric drawing  (2  hours). 

Class  II.  Algebra:  Theory  of  indices,  logarithms;  equations  of  the  second  degree 
(3  hours).     Solid  geometry  (2  hours).     Geometric  drawing  (2  hours). 

Class  III.  Algebra:  Progressions;  compound  interest,  annuities  and  applications  to 
insurance;  determinants  (3  hours).  Plane  and  spherical  trigonometry  (3  hours).  Geo- 
metric drawing,  with  practical  exercises  (2  hours). 

Class  IV.  Algebra:  Binomial  theorem;  series;  complex  numbers;  solution  of  equa- 
tions of  higher  degree;  transcendental  equations  (2  hours).  Analytic  geometry  (2 
hours).     Descriptive  geometry  and  geometric  drawing  (4  hoiirs). 

Class  V  (1  semester).  Elements  of  differential  calculus  \vith  simple  applications  to 
geometry  and  physics  (3  hours).  Analytic  geometry  of  three  dimensions  (3  hours). 
Descriptive  geometry  and  drafting  (,4  houi's). 

At  the  end  of  the  gymnasium  course  a  certificate  of  maturity  is 
awarded  to  those  who  pass  written  and  oral  examinations  on  the 
studies  of  the  previous  year  or  two  years.  The  examiner  is  the 
teacher,  but  the  examination  is  conducted  under  the  supervision  of 
one  of  the  various  forms  of  "  commissions  "  to  be  found  in  the  Cantons. 

In  nearly  all  the  examination  rules,  it  is  noticeable  that  greater 
emphasis  is  laid  on  the  display  of  intellectual  maturity  than  on  range 
of  Ivuowledge.     The  "maturity  rules"  of  the  gymnasimn  and  Real 
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school  in  Zurich  state:  "In  mathematics  and  descriptive  geometry 
the  pupil  shall  indicate  any  new  prohlenis  or  applications  which  sug- 
gest themselves  to  him."  At  the  Kealschulo  in  Zurich  the  oral  exami- 
nation is  conducted  in  a  manner  simihir  to  an  ordinary  class.  The 
inspector  makes  a  choice  of  three  suhjecta  proposed  to  him  hy  the 
teacher.  Some  of  the  examination  themes  during  the  years  1907- 
1910  are  as  follows:  Maclaurin's  series;  the  equation  x  =  tan  x;  maxima 
and  minima  problems  in  optics;  sketch  of  the  applications  of  the  idea 
of  the  derivative;  Huygens's  approximate  construction  for  the  recti- 
fication of  a  circle;  problems  on  geographic  and  geocentric  latitude; 
analytic  treatment  of  problems  from  Steiner's  paper  ''Ueber  das 
Maximum  and  Minimum  boi  den  Figuren;"  curvature  of  conies; 
perspective  of  circular  cones;  constructioa  of  sun  dials. 

jSM  schools  unite  in  the  opinion  that  the  grade  in  the  certificate 
of  maturity  shall  not,  in  general,  depend  upon  the  examination  but 
rather  on  the  performance  of  the  pupU  in  regular  classroom  work. 

HOCHSCHULEN." 

Pupils  with  appropriate  certificates  of  maturity  may  be  regularly 
admitted  to:  (1)  The  Eidgenossische  Teclinische  Ilochschule  (Federal 
Polytechnic  School)  in  Zurich;  (2)  a  cantonal  Ecole  d' Ingenieurs  in 
Lausanne;  (3)  seven  universities.  In  all  of  these  training  in  advanced 
mathematical  work  is  given. 

(1)  The  Polytechnic  School,  which  is  the  only  Swiss  scholastic  insti- 
tution under  the  direct  supervision  of  the  Federal  authorities,  is  one 
of  the  greatest  institutions  of  its  kind  in  the  world.  It  is  organized 
into  11  sections,  each  with  a  course  of  4  to  8  semesters.  Most  of 
the  students  turn  to  the  engineering  and  chemistry  sections.  But 
somewhat  over  a  score  are  in  the  section  of  mathematics  and  physics. 
The  work  of  this  section  is  supplemented  by  the  general  section,  one 
part  of  which  is  known  as  the  "Mathematisch-naturwissenschaftUch- 
technische  Sektion." 


Scheme  of  lectures  in  the  mathematics  and  physics  section 

during  the  first  three  semesters. 
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Some  of  the  topics  in  Higher  Mathematics  11-111  are  the  folio  wing: 
Space  curves,  tangent,  principal  normal,  and  binormal,  osculating 
plane;  ordinary  differential  equations;  equations  of  the  first  and  higher 
order;  linear  equations  of  any  order;  systems  of  simultaneous  linear 
differential  equations;  curvihnear  integrals;  Green's  formula  and 
harmonic  functions;  conformal  representation;  Fourier's  series;  ele- 
ments of  calculus  of  variations.  In  analytic  geometry:  Analytic 
treatment  of  projectivity,  cylinders,  and  cones  of  revolution,  general 
surface  of  second  degree,  focal  conies,  generation  of  ruled  surfaces 
by  projective  pencils.  In  geometry  of  position:  Projective  forms  of 
the  first,  second,  third,  and  fourth  species. 

From  the  fourth  to  the  eighth  semester  there  is  no  fixed  program 
of  mathematical  work,  but  the  following  courses  are  given  periodi- 
cally: Function  theory,  elliptic  functions,  algebraic  equations,  num- 
ber theory,  differential  geometry,  plane  curves,  algebraic  surfaces. 
During  the  last  two  years,  such  instruction  is  supplemented  by  dis- 
cussions m  the  mathematical  seminary,  and  lectures  on  special 
topics  such  as:  Quadratic  forms,  theory  of  definite  mtegrals,  theory 
of  transformation  groups,  axioms  of  arithmetic  and  of  geometry,  line 
geometry.  In  applied  mathematics  the  titles  of  some  of  the  courses 
given  in  recent  years  are:  Partial  differential  equations  of  physics, 
cylindrical  and  spherioal  harmonics  and  their  applications  in  physics, 
electro-mechanics,  thermodynamics,  celestial  mechanics,  astrophysics, 
map  makmg,  theory  of  probabilities,  mathematics  of  insurance. 

To  able  students  who  have  assiduously  apphed  themselves  to  the 
work  in  a  section  a  diploma  is  given  after  successful  examination. 
The  examination  comprises  three  parts:  (a)  The  Vordi'plomprujung, 
on  subjects  of  the  courses  of  the  first  three  semesters;  (6)  the  Schluss- 
diflomyrujung ,  on  function  theory,  syntlietic  and  analytic  treatment 
of  geometry,  higher  arithmetic  and  algebra,  theoretic  physics  and 
astronomy;  and  (c)  the  Dij^ilomarbeit,  or  thesis. 

At  the  polytechnic  school  the  mathematical  student  may  proceed 
to  the  doctor's  degree  in  the  usual  way.  The  standard  for  the  thesis 
is  high. 

(2)  L'JScole  d'lngenieurs,  although  part  of  the  faculty  of  sciences 
of  the  University  of  Lausanne,  has  a  certain  measure  of  autonomy. 
The  classwork  (39-43  periods  a  week)  of  the  first  four  semesters 
includes  about  the  same  amount  of  mathematics  as  in  the  first  three 
semesters  of  the  above-mentioned  section  in  the  Polytechnic.  L'ficoie 
gives  diplomas  in  civil,  mechanical,  electrical,  and  chemical  engi- 
neermg. 

(3)  The  Svnss  Universities  are  situated  at  Basel,  Zurich,  Bern, 
Geneva,  Lausanne,  Fribourg,  and  Neuchatel.  In  the  winter  semester 
of  1913-14  Zurich  and  Bern  had  the  largest  teachmg  staffs  and  the 
largest  number  of  students;  Geneva  came  next. 
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At  the  university  of  Basel  three  types  of  lectures  are  given:  (a) 
Introductory  lectures,  (b)  course  lectures,  (c)  s|>ecial  lectures.  The 
introductory  lectures  consist  of  luialytic  jieonietry  of  the  plane  and  of 
space  (4  hours,  1  siMuester),  and  difTerential  and  iiite.gral  calculus 
(5  hours,  2  semesters).  These,  ami  some  supplementary  lectures  (m 
alirehraic  analysis  and  desiriptive  geometry,  art»  to  pre])aro  suitably 
for  taking  up  course  lectures  '  students  who,  though  they  may  have  the 
certificate  of  maturity,  are  not  adec|uately  prepared  m  mathematics. 
The  couree  lectures  treat  of  such  subjects  as  algebra,  function  theory, 
elliptic  functions,  ordiiuirv  tlifTen'Utial  ecpuitions,  partial  ilifFerential 
equations,  Imear  differential  etpuitions  of  mathematical  physics,  pro- 
jective geometry,  and  theory  of  surfaces.  The  program  of  the 
special  lectures  is  not  fixed,  but  it  includes  lectures  on  elementary 
geometry  and  number  theory  on  account  of  their  application  in 
school  instruction,  and  on  calculus  of  variations  because  of  its  signifi- 
cance in  mathematical  physics. 

Attendance  on  course  lectures,  special  lectures,  participation  in 
seminary  exercises  and  the  preparation  of  a  suitable  thesis  load  to 
the  doctorate  In  about  eight  semesters. 

At  the  University  oj  Bern  there  are  also  three  classes  of  math- 
ematical lectures:  (a)  Eight  or  nine  hours  a  week  during  four  semes- 
ters in  preparation  of  candidates  for  positions  as  teachers  in  the 
higher  primary  schools,  the  so-called  "Sekundar-schulen" ;  (6)  12  or  14 
hours  weekly  during  six  semesters  for  future  secondary  school  teachers 
and  those  who  are  specializing  in  mathematics;  (c)  "free  lectures" 
on  such  topics  as  theory  of  hypergeometric  series,  selected  chapters 
from  the  theory  of  differential  equations,  non-P]uchdean  geometry, 
calculus  of  variations,  and  method  of  least  squares. 

In  the  courses  for  teachers  in  the  higher  primary  schools,  practical 
geometry,  plane  and  spherical  trigonometry,  descriptive  geometry, 
analytic  geometry,  and  calculus  (2  hours,  2  semesters)  are  taken  up. 

The  subjects  for  the  mathematical  si)ccialist  and  secondary  school 
teacher  include:  Definite  integrals  (6  semester  hours),  differential 
equations  (4  semester  hours),  function  theory  (4  semester  hours), 
theory  of  detenninants  (1  semester  hour),  ajialytic  geometry  of  space 
(3  semester  hours'),  theory  of  higher  plane  curves  (3  semester  hours), 
gamma  functions  (3  semester  hours),  and  Fourier's  series  and  integrals 
(three  semester  hours). 

Examinations  for  secondary  school  teachers  will  be  referred  to 
later.  The  re(iuirements  leading  to  the  doctorate  are  similar  to  those 
in  the  other  universities. 

At  the  University  of  Geneva  the  first  two  years  may  be  spent  in 
preparing  for  the  baccalaur6at  fe  sciences  math^matiques,  which  is 
a  sort  of  licence  fe  sciences.     The  examination  for  this  consists  of 

>  Course  lectures  are  often  taken  simultaneonsly  with  introductory  lectures. 
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two  parts,  an  oral  and  a  written.  The  oral  examination  is  on  func- 
tions of  a  real  variable,  series,  theory  of  equations,  plane  and  solid 
analytic  geometry,  descriptive  geometry  and  the  elements  of  pro- 
jective geometry,  differential  and  integral  calculus,  mechanics, 
astronomy,  physics,  physical  geography  and  meteorology,  inorganic 
chemistry,  and  mineralogy.  The  written  examinations  cover  all  of 
the  above-mentioned  subjects  except  the  last  four. 

In  1908  the  university  established  the  certificat  d^ aptitude  a 
V enseignement  des  sciences  dans  les  etahlissements  secondaires  superieurs. 
A  candidate  for  this  certificate  must  (1)  have  the  diploma  of  the 
"baccalaureat"  from  the  university;  (2)  spend  four  semesters  in  fur- 
ther study  at  the  university;  and  (3)  finally  show  himself  well  versed 
in  six  academic  studies.  The  examination  consists  of  two  parts, 
both  of  which  may  be  taken  at  once.  The  first  part  of  the  examina- 
tion is  a  thesis  on  a  theme  selected  from  the  field  of  the  major  subject, 
and  two  trial  lessons  related  to  the  minors.  The  second  part  consists 
of  an  oral  examination  in  the  three  subjects  chosen.  Tiie  major  and 
one  minor  are  selected  from  the  following:  Infinitesimal  analysis, 
algebra  and  higher  geometry,  mechanics,  astronomy,  physics, 
chemistry.  The  third  subject,  or  second  minor,  is  "the  science  of 
education,"  unless  the  candidate  has  the  certificate  of  maturity  from 
the  pedagogic  section  of  the  gymnasimu  in  Geneva,  or  an  equivalent 
certificate,  when  pliilosophy  or  experimental  psychology  is  substituted 
for  the  science  of  education. 

In  the  oral  examination  some  choice  of  subjects  is  possible.  In 
Infinitesimal  Analysis  two  of  the  following  subjects  may  be  selected: 
(a)  Theory  of  analytic  functions;   (h)   theory  of  elliptic  functions; 

(c)  differential  equations;  id)  partial  differential  equations  of  the  first 
order;  (g)  calculus  of  variations;  (/)  introduction  to  mathematical 
physics  (trigonometric  series,  Green's  formula,  etc.).  In  Algebra  and 
Higher  Oeometry  the  examination  covers:  (a)  Theory  of  equations, 
equations  solved  by  square  roots,  applications  in  geometry;  tran- 
scendence of  e  and  tt;  (h)  methods  in  geometry;  (c)  infinitesimal 
geometry,    curves    traced    on    surfaces,     applicable     surfaces,    and 

(d)  one  of  the  following:  (i)  Theory  of  algebraic  forms;  Unear  trans- 
formations; invariants;  geometrical  appHcations;  (ii)  notions  on  the 
theory  of  substitution  groups  and  its  applications  to  the  theory  of 
equations;  (iii)  projective  geometry;  principal  properties  of  conies 
and  quadrics;  study  of  some  transformations;  (iv)  fine  geometry; 
ruled  surfaces;  congruences  and  complexes  of  lines.  In  Mechanics 
two  of  the  following  subjects  may  be  selected:  (a)  General  methods 
for  integration  of  equations  in  mechanics;  (h)  kinematics  and  machin- 
ery; (c)  hydrostatics  and  hydrodynamics;  and  (d)  theory  of  elasticity. 
In  Astronomy  the  examination  is  on  practical  astronomy  and  geodesy, 
and  either  spherical  or  theoretical  astronomy. 
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Upon  satisfiiction  of  the  usual  roquiivinonts,  the  univorsity  also 
confoi-s  the  degree  doctorat  hs  sciences  iuath6niatiques. 

At  the  Univennty  of  Lausanne  a  student  who  has  pursued  certain 
courses  for  four  semesters  may  present  himself  as  a  camlidate  for  the 
Licence  ^s  sciences  math^matiques  pures.  The  examinations  for 
this  degree  are  oral,  written,  and  practical.  The  oral  covei*s  diiferen- 
tial  and  integral  calculus;  theory  of  analytic  functions;  elliptic 
functions;  analytic  geometry;  descriptive  geometry;  geometry  of 
position;  rationed  mechanics;  apphed  mechanics;  astronomy;  mathe- 
matical physics;  and  selected  chapters  from  analysis,  geometry, 
and  analytic  mechanics. 

The  written  examination  consists  of  three  tests  in  analysis, 
geometry,  and  mechanics.'  The  practical  examination  is  a  geometric 
drawing  (ej)ure). 

The  Licence  es  sciences  physiques  et  math^matiques  is  given  under 
similar  conditions.  At  the  Univei-sity  of  Lausanne  the  degree  of 
doctorat  ds  sciences  is  also  confernMl. 

I  have  already  referred  to  the  "  6cole  d'ing^nieurs"  connected  with 
this  university. 

According  to  the  organization  of  the  University  of  Frlhourg,  the 
diploma  Licence  ds  sciences  math6niatiques  is  awarded  to  students 
who  have  attentled  and  have  taken  part  in  the  practical  exercises  of  a 
Hochschule,  for  not  less  than  eight  semestei-s  (two  at  least  at  Fri- 
bourg),  and  have  passed  successful  examinations  in  four  subjects: 

(a)  DifTereniial  and  integral  calculus,  including  the  theory  of  definite 
integnds,  of  differential  equations,  and  of  differential  geometry;  and 

(b)  analytic  and  synthetic  geometry.  Tlie  other  two  subjects  can  bo 
chosen  from  c,)  function  theory  and  d,)  higher  algebra,  or  c,)  experi- 
mental physics  and  analytic  mechanics,  or  C3)  experimental  j)liysics 
and  mathematical  ph3'sics. 

The  degree  doctor  philosophiae  naturalis  is  also  conferred  at 
Fribourg. 

SECONDARY  SCHOOL  TEACHERS. 

For  secondary  school  teachers  in  Switzerland  there  are  no  fixed 
examinations  similar  to  those  for  teachers  in  primary  schools.  Nor 
are  there  colleges  for  training  such  teachers,  although,  as  we  have 
seen,  the  University  of  Geneva  has  a  pedagogic  department.  For 
most  of  the  teaching  positions  in  the  secondary  schools  (Mittelschulcn) 
the  majority  of  the  cantons  demand  that,  the  candidate  shall  have 
completed  a  Hochschule  course  of  four  or  five  years.  Such  are  the 
demands,  for  example,  in  the  Canton  of  Fribourg  where  the  Licenti- 
atsdiplome  is  necessary,  and  in  the  Canton  of  Geneva  with  its  ccrtificat 
d'apiiiude  a  Venseignement  des  sciences  dans  les  etahlisseraents  secon- 
daires  superieurs.  Those  candidates  with  a  record  of  but  two  years 
in  a  Hochschule  can,  usuall}-,  only  be  appointed  as  teachers  in  the 
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lower  classes  of  the  better  secondary  schools.  As  an  exception, 
however,  according  to  a  law  of  1908  for  the  Canton  Vaud,  the  licence 
certificate,  which  a  candidate  may  secure  after  two  years  at  the 
University  of  Lausanne,  is  the  only  necessary  preparation  for  a 
teacher  in  the  secondary  schools.  Students  with  a  diploma  from  the 
Ecole  d'Ing6nieurs  with  its  two-year  mathematical  course  are  also 
in  demand. 

Several  Cantons  prefer  that  prospective  teachers  who  have  com- 
pleted their  studies  shall  have  been  engaged  for  several  semesters  as 
assistants  in  the  Technische  Hochschule;  others  prefer  candidates 
who  either  before  or  after  university  studies  have  taught  in  one  of 
the  lower  school  grades.  And  still  others  have  recently  made  some 
appointments  to  mathematical  positions  in  Realschulen,  of  candidates 
holding  engineering  diplomas;  not  so  much  because  of  the  lack  of 
well-trained  mathematical  teachers  as  on  account  of  the  desire  to 
emphavsize,  in  the  instruction,  the  applications  of  mathematics.  But 
whatever  the  basis  may  be  upon  which  the  selection  of  secondary 
teachers  is  made,  the  standard  is  sure  to  be  of  a  high  order  of  its  kind. 

At  this  place  further  comment  should  be  made  with  regard  to  work 
at  the  University  of  Bern.  We  have  noted  the  six  semester  course 
for  the  oral  and  written  Patentprilfungen  von  Kandidaten  des  Tiolieren 
Lehramis.  According  to  regulations  of  1907-1911,  the  corresponding 
diploma  entitles  men  to  give  instruction  in  the  higher  classes  of  the 
gymnasia.  This  diploma  implies  that  the  possessor  has  had,  in 
addition  to  class  instruction  in  mathematics  and  pedagogy,  at  least 
four  weeks  of  practical  experience  in  listening,  or  giving  instruction 
to  higher  classes  in  the  gymnasia. 

For  more  than  a  decade  past  the  Verein  ScJiweizerischer  Mathe- 
matiklehrer  {Societe  Suisse  des  iwofesseurs  des  mathematiques)  has  been 
a  source  of  inspiration  to  teachers  through  the  opportunities  which  it 
offers  both  for  social  intercourse  and  exchange  of  ideas,  and  for 
methodic  organization  leading  to  advances  in  instruction  of  the 
science.  The  feeling  is  very  general  among  members  of  tliis  organi- 
zation that  the  preparation  of  secondary  school  teachers  should 
always  include  adequate  professional  training  by  means  of  courses 
in  psychology  and  pedagogy  at  the  university,  for  example,  and  by 
means  of  actual  teaching  in  schools. 

As  to  the  remuneration  of  secondary  school  teachers,  in  the  Canton 
of  Zurich  in  1900  the  salaries  ranged  from  about  $780  to  about 
$1,460.  The  head  (rejvtor)  of  the  secondary  school  is  chosen  from  the 
staff.  He  serves  for  a  period  of  three  years  and  may  be  reelected. 
In  Bern  the  ordinary  teacher  (25-31  hours  a  week)  would  receive 
about  $750.  Increases  in  salary,  amounting  to  about  $60  each  are 
made  at  the  end  of  4,  8,  and  12  years  of  service. 
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The  range  of  pensions  for  secondary  schools  in  Zuricli,  in  LSOS,  was 
from  $200  to  $600  annually.     More  recent  information  is  not  available. 
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Like  Germany  and  other  federated  States,  the  United  States  has 
no  national  system  of  education.  It  is,  however,  a  notable  fact  that 
the  educational  systems  in  the  48  States  and  Commonwealths  of  the 
country  are  all  constructed  on  the  same  general  lines,  and  that  the 
differences,  although  of  local  importance,  are  of  a  minor  character 
when  the  systems  are  viewed  as  a  whole. 

In  each  State  one  finds  that  the  pupil  normally  passes  in  order 
through:  (1)  The  kindergarten,  where  the  pupils  are  from  3  to  5  years 
of  age;^  (2)  the  elementary  school,  which  has  an  eight-year  course 
for  pupils  6  to  13  years  of  age;  (3)  the  secondary  school  or  high  school, 
with  a  four-year  course  for  pupils  of  14  to  17  years;  (4)  the  college 
or  institution  of  collegiate  rank,  for  students  from  18  to  21 ;  and  then 
on  to  (5)  the  university  or  institution  of  imiversity  rank. 

The  American  secondary  school,  milike  similar  schools  in  Europe, 
takes  the  pupils  at  14,  on  the  completion  of  an  elementary  coui"se 
covering  8  years.  This  is  due  in  part  to  the  earlier  establishment  of 
elementary  schools  which  aimed  to  give  a  general  education  extend- 
ing in  some  cases  to  9  or  even  10  years.  High  schools  are  now  very 
important  establishments  in  the  educational  system  of  the  countr3^, 
and  the  increase  in  their  number  in  recent  years  is  enormous.  In 
1910-11  the  number  of  "accredited  secondary  schools"  in  the  United 
States  was  12,213.  In  1913-14  this  number  had  increased  to  13,714.^ 
By  an  "accredited  secondary  school"  is  meant  one — 

which  is  equipped  to  prepare  students  for  colleges  requiring  at  least  14  units  *  for 
unconditional  admission  and  which  has  been  investigated  and  approved  for  this 
purpose  by  one  of  the  following  agencies:  A  State  officer  of  education,  a  university  or 
college  inspector  or  committee  on  admissions,  or  an  officer  or  committee  of  an  accred- 
iting association . '  - 

This  standard  imposes  slight  restrictions  on  the  latitude  of  the 
program  of  study,  so  that  it  is  quite  impossible  to  indicate  a  program 
in  any  wise  representative  for  even  a  large  proportion  of  high  schools 
in  the  country.    But  it  may  be  worth  while  to  give  (1 )  a  single  pro- 

'  As  different  phases  of  mathematical  Instruction  and  its  proVdems  in  the  United  States  have  already 
received  detailed  treatment  in  reports  of  the  International  ('ommission  on  the  Teaching  of  Mathematics 
published  by  the  Bureau  of  Education,  this  sketch  is  added  mainly  for  the  sake  of  completeness.  It  is 
intended  merely  to  emphasize  some  outstanding  features  and  to  give  supplementary  information. 

2  Here  and  m  what  follows  I  shall  assume  that  the  normal  lower  limits  of  age  at  the  beginning  of  each 
year  are  considered. 

3  S.  P.  Capen,  Accrrditrd  Secondary  Schools  (Bu.  of  Educ,  Bui.,  1916,  No.  20).    Washington,  1916,  p.  7. 

*  "A  unit  represents  a  year's  study  in  any  subject  in  a  secondary  school,  con,>;tituting  approximately  a 
quarter  of  a  full  year's  work."  This  statement  takes— (1)  the  four-year  high-school  course  as  a  basis  and 
assumes  that  (2)  the  length  of  the  school  year  is  from  36  to  40  weeks;  that  (3)  a  period  is  from  40  to  60  minutes 
in  length:  and  that  (4)  the  study  is  pursued  four  or  five  periols  a  week. 

'S.  P.  Capen,  Accredited  Secondary  Schools  (Bu.  of  Educ,  BuL,  1916,  No  20),  Washington,  1916,  p.  7- 
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gram,  and  this  of  a  well-known  school  fomuioil  over  270  years  ago; 
and  (2)  illustrations  of  the  variations  of  accrediting  agencies.'  These 
illustrations  rouglily  indicate  the  relative  im])ortanco  in  which  sub- 
jects are  regarded  hy  large  groups  of  schools. 

(1)  The  prouram  selected  is  that  (without  Greek)  of  the  Roxhury 
Latin  school  in  1915-16.  The  coui"se  of  study  there  is  designed  to 
afford  training  for  boys  between  the  ages  of  about  12  and  IS  and  to 
qualify  those  who  complete  it  to  enter  Harvard  College,  or  other 
colleges  or  scientific  schools,  like  the  Institute  of  Technology.-  The 
entering  students  are  in  the  sixth  class,  those  graduating  in  the  fiist. 
The  work  covered  in  the  fourth,  third,  second,  and  first  classes  is  that 
which  corresponds  to  the  typical  high-school  course.  The  numbei's 
in  the  different  columns  are  class  periods  of  40  to  45  minutes. 

Class  periods  in  the  Roxbury  Latin  School,  1915-16. 


Subjects. 

Sixth 
class. 

FifUi 
cla-ss. 

Fourth 
cla-^. 

Third 
class. 

Second 
class. 

First 
class. 

Total. 

Per- 
cent- 
age. 

Kpgiish                                            .... 

190 
190 

I.i2 
190 
190 

152 
190 
190 

114 
228 
152 
190 
114 

76 
190 
152 
190 
114 

114 
190 
190 
190 

798 
1.178 
874 
570 
342 

3S 

7tj 
22S 
228 

76 
152 
266 
342 
228 

76 
1.52 
\h2 

38 

13  7 

Latin 

20.3 

15  0 

ft»np»f^    .           

9  8 

History                  

114 
3S 

5  9 

Mvtholocv 

7 

76 

1  3 

Physics                  

228 
228 

3  9 

Chemistry 

3  9 

Elementarv  .science 

76 

1  3 

Trigonometry  and  solid  geometry 

152 

2  6 

Plana  pfoniCt'y  .... 

76 

190 

4.6 

Algebra 

190 

152 

5  9 

Arithmetic 

n4 

76 
76 
78 
38 

114 

3  9 

Writing      

1  3 

Drswing 

76 
38 

2  6 

38 

2  6 

Mtuic 

.7 

Total 

KM 

912 

912 

950 

912 

1,292 

5.814 

100  0 

(2)  The  range  of  work  accepted  by  accrediting  agencies  is  sho\\Ti 
by  the  foUowing  illustrations: 

(a)  The  College  Entrance  Examination  Board  recognizes  the  fol- 
lowing subjects  as  permissible  in  a  standard  high-school  course:' 


Unlt.s.« 

English,  up  to :J 

Mathematics  * 4i 

Latin 4 

Greek 3 

French 4 

German 4 


Units.* 

Spanii^h 2 

History 4 

Hcifnce (> 

Drawing 1 

Muaic 2 


>  For  a  dlscu.ssion  of  entrance  to  college  by  examination  .see  "  Examinaliont  in  mathematict  other  than 
those  let  by  the  teacher  for  hu  oirn  elauei."  International  ("ommi-syion  on  the  Teaching  of  Mathematics. 
(Bu.  of  F.duc,  Bui.,  1911,  No.  8.)    Washington,  1911. 

«  Quinquennial  catalogue  Roxbury  Latin  School,  1915-16. 

•Colleg«  Entrance  Examination  Poard.    Dccumevt  ftS,  New  York,  I  re.  1,  1914,  pp.  11-12. 
<  In  each  case  the  niiinlKT  of  units  piven  is  the  maximum  nurilxT  which  can  t.K>  taken  in  t  lie  corresponding 
subject.    In  mathematics  credit  may  be  obtained  for  any  numl>cr  of  half  units  up  to  nine. 

>  Three  quinquennial  volumes  of  "Examination  Queftious  in  Mathematics''  of  this  board  have  been 
published  in  Boston.    One  volume  is  for  the  periorj  1901-19a5,  another  for  1906-1910,  tl;e  third  for  1911-1915. 
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(h)  In  contrast  to  this  schedule  there  are  State  universities  and 
privately  endowed  institutions,  like  Leland  Stanford  Junior  Univer- 
sity, which  permit  a  wide  range  of  electives.  The  University  of 
Minnesota,  for  example,^  accepts  the  following: 


Units.2 
Vocational  subjects  (made  up  of  the 

following) ^-4 

Business  arithmetic | 

Business  law h 

Bookkeeping 1  -2 

Stenography  and  typewriting. . .  1  -2 

Freehand  drawing 2 

Mechanical  drawing 2 

Shopwork 2 

Modeling  and  wood  carving 1 

Domestic  art  and  science,  up  to. .        4 


Units. 2 

English 3  -4 

Mathematics 2  -3^ 

Latin 2  -4 

Greek 2 

French 1  -4 

German 1  -4 

Spanish 1  -4 

Scandinavian 1  -4 

History  and  social  science |-7 

Natural  science ^6 

Agriculture 1  -4 

Normal  training  subjects 1-3 

(c)  Finally,  it  may  be  of  interest  to  give  a  composite  picture  of 
class  work  in  the  15  ^States  of  the  North  Central  Association  (Colorado, 
Illinois,  Indiana,  Iowa,  Kansas,  Michigan,  Minnesota,  Missouri,  Mon- 
tana, Nebraska,  North  Dakota,  Ohio,  Oklahoma,  South  Dakota,  and 
Wisconsin).  The  percentage  of  units  given  in  the  different  subjects 
of  the  high  schools  of  these  States  in  1913-14  was  as  follows:  ^  English 
(13.1),  Latin  (11.5),  history  (9.5),  commercial  (9.2),  German  (8.5), 
algebra  (5.2),  geometry  (4.8),  manual  training  (4.7),  physics  (3.3), 
domestic  science  (3),  chemistry  (2.6),  cooking  (2.5),  drawing  (2.5), 
sewing  (2.4),  normal  subjects  (2.4),  agriculture  (2.0),  botany  (2.0), 
French  (1.7),  physical  geography  (1.7),  music  (1.6),  civics  (1.5),  physi- 
ology (1.2),  zoology  (0.9),  education  (0.8),  other  subjects  (1.4). 

After  completing  his  high-school  course  our  future  teacher  in  one 
of  the  secondary  schools  must  of  necessity  take  a  college  course. 
There  are  upward  of  800  so-caUed  "colleges"  and  ''universities"  in 
the  United  States,  but  many  of  these  are  really  secondary  schools. 
In  1908-9  there  were  only  261  colleges  which  had  100  collegiate 
students  enrolled  in  the  four  regular  college  classes,  or  which  had  an 
endowment  to  the  amount  of  $100,000.*  There  are  about  40  endowed 
and  40  State  universities^  in  the  United  States.  The  student  who 
wishes  to  go  to  one  of  the  chief  university  mathematical  centers  would 

1  Illustration  given  by  Capen  (I.  c). 

2 In  each  case  the  number  of  units  given  is  the  maximum  number  which  can  be  taken  in  the  corre- 
sponding subject." 

»  G.  S.  Counts,  A  Study  of  the  Colleges  and  High  Schools  in  the  North  Central  Association.  (Bu.  of  Educ. 
Bui.,  1915,  No.  6.)  Washington,  1915,  p.  115.  See  also  the  association's  "investigation  into  the  status  of 
the  teaching  of  almost  all  subjects  appearing  in  the  secondary  schools,  programs  of  study,"  by  L.  V.  Koos: 
The  Administration  of  Secondary-School  Units,  Supplementary  Educational  Monographs,  Universitj  of 
Chicago,  vol.  1,  No.  3,  July,  1917. 

*  Monroe's  Cyclopedia  of  Education,  vol.  2,  p.  74. 

6  There  are  also  about  50  State  colleges.  See  Statistics  of  State  Universities  and  State  Colleges  (Bu.  of 
Educ,  Bui.,  1917,  No.  55),  Washington,  1918. 
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probably  select  one  of  the  following:  Harvard,  Chicago,  Illinois, 
Princeton,  or  (^olunibia. 

The  college  course  leads  to  the  degree  of  A.  B.,  Sc.  B.,  Litt.  B., 
Pii.  B.,  or  some  other  degree  of  similar  rank,  but  the  title  alone  does 
not  convey  a  very  deiinite  itlea  of  achievement.' 

As  to  work  leading  to  the  degree  of  A.  B.,  some  colleges  do  not 
require  any  courses  in  mathematics;  others  require  higher  algebra, 
solid  geometry,  plane  and  spherical  trigonometry,  plane  and  solid 
analytic  geometrj-,  calculus  and  differential  equations.  But  the 
nornu\l  requirement  is  a  throe-iiour  semester  course  in  each  of  tiie 
subjects:  (1)  Higiier  algebra,  or  (2)  soUd  geometry,  and  (3)  piano 
trigonometry.-  If  our  undergraduate  student  wishes  to  proceed  in 
mathematics  bej'ond  the  required  work,  the  opportunitie-s  for  doing 
so  vary  widely  with  different  colleges.  In  one  none  but  required 
courses  in  mathematics  are  offered ;  in  another  so  many  courses  in 
mathematics  are  offered  that  mider  the  "elective  system"  there  in 
vogue  it  would  be  possible  for  the  student  to  elect  the  major  part 
of  the  courses  he  takes  for  his  degree  from  those  given  by  the  depart- 
ment of  mathematics. 

THE  TRAINING  OF  TEACHERS  FOR  SECONDARY  SCHOOLS. 

But  before  going  into  this  question  more  particularly  let  us  con- 
sider how  a  student  who  is  taking  a  college  course  may  definitely 
prepare  himself  to  be  a  high-scliool  teacher.  To  get  a  broad  view 
of  the  question,  we  should  recall  the  "joint  recommendations  of  the 
committee  of  seventeen  on  the  professional  preparation  of  high-school 
teachers,"  adopted  by  the  National  Education  Association. 

The  committee  on  the  preparation  of  high-s<hool  toa<  hers  recommend: 
I.  That  the  a«ademic  preparation  include  the  following  elements: 

A.  A  detailed  and  9i>e<ialized  study  of  the  subjecta  to  be  taught.     The  prt^ram 

of  studies  selected  l)y  each  student  should  include  work  in  subjects  out- 
side of  th'«i^  in  whi'h  hi*  is  making  Bpe<ial  preparation,  sufTK  icnt  to  give 
some  insight  into  different  tields  of  knowIedLrc  and  to  avoid  the  dangers 
of  overspecialization. 

B.  One  or  more  subje<ta    from  a  group    including  history,  economics,   and 

80ciolog\',  which  will  give  the  teacher  a  proper  outlook  upon  the  social 
aspects  of  education. 

C.  A  course  in  general  psychology  and  at  least  one  from  a  group  of  subjects 

including  historj'  of  philosophy,  logic,  and  ethics,  which  will  give  the 
teacher  a  proper  outlook  upon  education  as  the  development  of  the 
individual. 

!  In  19n  the  Bareaa  ol  Education  published  an  interesting  Clasfjftcaiion  o/  Vnheriititi  and  ColUgt*  with 
Reference  to  Backelor't  Degreet.  -The  author,  Dr.  K.  (".  Babcock,  a  spedali-st  in  the  bureau,  divided  the 
institutions  into  four  cla.«ses.  The  first  and  highest  class  he  defined  as  ••  Institutions  whose  graduates 
would  ordinarily  be  able  to  take  master's  degree  at  any  of  the  larger  graduate  schools  in  one  year  altef 
receiving  their  bachelor's  degree,  without  necessarily  doing  more  than  the  amount  of  work  regularly  pre- 
scribed for  such  higher  degree."  In  the  first  class  were  only  15  State  and  A*  endowed  and  private  institu- 
tiOES.    See  also  Rep.  of  U.  S.  Commis.  of  Educ.  for  19M,  vol.  1,  Washington,  1915,  p.  IftS. 

'Compare  Vr.dergTaduatt  Work  in  Sfathematics  in  ColUfitf  of  Lfbrral  Arts  and  UnirmtUier.  International 
Commission  on  the  Teaching  of  Mathematics.    (Bu.  ol  Educ,  Bui.,  1911,  Xo.  7.)    Washington,  191U 
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II.  That  definite  study  be  given  to  each  of  the  following  subjects,  either  in  separate 
courses  or  in  such  combinations  as  convenience  or  necessity  demands: 

A.  History  of  education. 

1.  History  of  general  education. 

2.  History  of  secondary  education. 

B.  Educational  psychology  with  emphasis  on  adolescence. 

C.  The  principles  of  education,  including  the  study  of  educational  aims, 

values,  and  processes.    Courses  in  general  method  are  included  under  this 
heading. 

D.  Special  methods  in  the  secondary-school  subjects  that  the  students  expect 

to  teach. 

E.  Organization  and  management  of  schools  and  school  systems. 

F.  School  hygiene. 

III.  That  opportunity  for  observation  and  practice  teaching  with  secondary  pupils 
be  given. 

The  committee  recognizes  the  difficulties  involved  in  this  recommendation, 
but  believes  that  they  are  not  insurmountable.  Each  of  the  following  plans 
has  proved  successful  in  some  instances: 

A.  The  maintenance  of  a  school  of  secondary-school  grade  that  may  be  used 

for  oliservation  and  practice. 

B.  Affiliation  with  public  or  private  high  schools  so  situated  geographically 

that  practice  teaching  can  be  done  \vithout  interfering  with  other  work  of 
the  college  course. 

In  addition  to  the  above,  the  committee  suggests  that  where  competent 
critical  super\dsion  is  possible,  cadet  teaching,  in  schools  more  remotely 
situated,  may  be  attempted.  In  such  cases,  a  teacher's  diploma  might  be 
granted  after  a  year's  successful  work  as  a  cadet  teacher. 

IV.  That  the  minirnum  requirement  for  a  secondary-school  teacher  be  graduation 
from  a  college  maintaining  a  four-year  course  and  requiring  four  years  of  high- 
school  work  for  admission,  or  from  an  institution  having  equivalent  requirements 
for  admission  and  giving  equivalent  academic  scholarship. 

A  year  of  graduate  work  di\dded  between  academic  and  professional  subjects 
is  desirable.  Discussions  of  the  relative  value  of  college  and  normal  schools  for 
secondary-school  teachers  are  to  be  found  in  the  references  below.' 

V.  That  the  study  of  subjects  mentioned  under  II  be  distributed  through  the  last 

two  years  of  the  college  course. 

The  proportional  amount  of  time  given  to  these  subjects  will  vary  with  local 
conditions,  but  an  irreducible  minimum  is  one-eighth  of  the  college  course. 
They  should  be  preceded  or  accompanied  by  the  subjects  mentioned  in  I  B,  C. 
Recommendations  as  to  the  amount  of  time  given  to  particular  courses  will  be 
found  in  several  of  the  accompanying  papers.^ 

It  will  now  be  illuminating  to  consider  in  detail  a  definite  scheme 
involving  practice  teaching  in  a  manner  which  has  won  high  praise 
from  prominent  authorities  in  recent  writings.^  I  refer  to  the  pioneer 
system  at  BrowTi  University,  in  Providence,  R.  I.,  where  it  has  been 
in  operation  for  over  20  years.     The  fmidamental  principles  of  the 

»  Given  on  p.  538,  Proc.  Nat.  Ed.  Assoc,  1907. 

2  See  the  report  in  Proc.  Nat.  Ed.  Assoc,  1907,  pp.  521-668. 

'J.  F.  IJrowu,  The  training  of  teachers  for  secondary  schools  in  Germany  and  the  United  States,  New  York 
1911,  p.  242f.  W.  S.  Learned,  The  Obcrlehrcr,  A  study  of  the  social  and  professional  evolution  of  the  German 
schoolmaster.    (Harvard  Studies  in  Education,  Vol.  I),    Cambridge,  Mass.,  1914,  p.  131f. 
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schomo  wliich  has  boon  advocated  as  worthy  of  wido  accoptaiico  have 
been  summarized  by  Prof.  Jacobs  as  follows:' 

1.  Practice  teaihing  should  be  open  only  to  graduate  etudonts;  that  is,  students 
who  bold  a  bachelor's  degree.  This  rule  is  intlexilde  and  haa  never  been  broken. 
Brown  University  looks  askance  ujX)n  the  custom  which  has  developed  of  including 
practice  teaching  and  extended  professional  preparation  as  a  part  of  the  four  years' 
work  for  the  tirst  college  degree  ami  reuMrils  it  as  a  lowering  of  elaiulards.  It  holds 
that  a  fifth  year  of  college  work  is  ne  •■•s-;ar>'  to  the  projH^r  I'roparatiun  of  eoi  ondarj'- 
achool  teachers. 

2.  Practice  teaching  should  be  under  actual  schoolroom  con<iitions.  Hence.  IJrown 
University  uses  for  its  practice  teaching  the  public  and  private  secondary  schools  of 
the  city  of  Providence  and  neighl)oring  cities  and  towns. 

1.  Practice  teaching  should  include  the  continuous  instruction  and  control  of  a 
class  for  a  long  period.  At  Brown  University  the  amount  of  practice  teaching 
required  vsuies  from  a  minimum  of  5  fKjriods  a  week  to  15  periods  a  week  for  one  year. 
Student  teachers  teach  ver>'  few  classes,  but  they  teach  them  continuously  for  a 
eemester  or  a  year.  After  many  trials  it  has  been  found  best  to  limit  the  student 
teachers  to  one  or  two  8ubje<"t8.  To  give  a  few  sporadic  lessons  before  a  class  is  one 
thing:  to  teach  a  subject  continuously  is  quite  another  matter. 

4.  Practice  teaching  must  be  under  the  continuous  direct  or  indirect  super^sion 
of  an  experienced  teacher  who  knows  the  school,  the  class,  and  the  detailed  progress 
of  the  subject  taught.  Hence,  all  supervising  teachers  at  Brown  University  are 
selected  from  the  experienced  teachers  of  the  schools.  Each  student  teacher  has  one 
supen-ising  tea<  her,  and  eac-h  supervising  teacher  one  student  teacher.  The  work 
is  strictly  individual. 

5.  Practice  teaching  must  be  closely  correlated  with  the  university  work.  At 
Brown  University  superWaing  teachers  are  selected  by  the  university  and  paid  a 
small  remuneration.  Each  student  teacher  is  visited  once  a  week  by  the  professor 
in  charge  of  the  practice  teaching,  and  private  conferences  are  held.  He  also  meets 
once  a  week  in  a  general  conference  all  the  student  teachers.  Plan  books  for  the  past 
week  are  presented  and  discussed  and  later  returned  to  the  student  teachers.  Student 
teachers  are  at  the  same  time  pursuing  other  courses — (1)  in  education,  a  course  in 
Becondar}'  education  and  a  seminary  in  current  educational  problems,  and  (2)  in 
departments  allied  with  the  subjects  they  are  teaching. 

Student  teachers  who  teach  more  than  five  periods  a  week  usually  receive  some 
remuneration  for  their  work  from  the  school.  In  the  case  of  the  city  of  Providence 
this  is  provided  for  by  an  agreement  between  the  univer-^iity  and  the  city  of  Pro\i- 
dence.  In  other  cases  it  ia  arranged  as  the  cases  arise.  Student  teachers  who  have 
shown  themselves  cfTicient  are  assigned  other  classes  under  supervision.  For  this 
work  they  receive  remuneration.  The  work  then  becomes  closely  similar  to  what 
is  known  as  'part-time  work"  in  vocational  education.  The  work  at  Brown  Uni- 
versity, however,  long  antedates  the  vocational   'part-time  work." 

Graduate  students  who  are  admitted  to  the  practice  teaching  at  Brown  University 
usually  have  taken  as  undergraduates  four  semester  courses  in  education.  These 
courses  are:  History  of  education,  principles  of  education,  educational  pnychology, 
and  general  method.  In  the  last  course  there  is  some  sj'stematic  work  in  observa- 
tion and  some  teaching  of  the  class  by  members  of  the  class.  For  this  last  purpose 
the  class  is  divided  into  sections  of  about  10  each.  The  student,  then,  who  is  ad- 
mitted to  the  graduate  practice  teaching,  is  not  a  mere  novice,  but  one  who  has 
already  had  some  experience. 

6.  The  last  principle  is  one  which  is  fundamental  and  appears  in  all  of  the  work. 
Practice  teaching  must  not  be  an  injury  to  the  school  or  to  the  pupil,  but  rather  a 


»  School  and  Society,  .\pr.  8,  1916,  vol.  3,  p.  534. 
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benefit.  Hence  the  student  teacher  is  called  upon  freely  to  assist  the  supervising 
teacher  or  the  principal  of  the  school  in  doing  a  limited  amount  of  clerical  work, 
work  with  individual  pupils,  or  other  work  which  can  be  assigned  with  profit  to  the 
student  teacher  and  to  the  school  alike.  The  student  teacher  becomes,  to  all  intents 
and  purposes,  a  part  of  the  school  staff,  subject  to  regulations  as  other  teachers  and 
working  as  the  other  teachers  are,  in  harmony  with  the  general  purposes  and  spirit 
of  the  school.  The  work  of  the  student  teacher  is  frequently  superior  to  that  of  many 
of  the  regular  teachers.  He  has  more  time  for  preparation  and  individual  work 
with  pupils  and  frequently  more  enthusiasm. 

But,  quite  apart  from  these  general  requirements  for  all  teachers, 
the  department  of  mathematics  at  Brown  University  lays  down  a 
minimum  course  of  study  which  it  requires  students  who  are  pros- 
pective teachers  of  mathematics  to  take  if  they  wish  the  backing  of 
the  department  in  starting  on  their  careers.  In  outline  the  course 
is  as  follows:  Plane  trigonometry  (3  semester  hours),  higher  algebra 
(3),  solid  geometry  (3),  plane  analytic  geometry  (4),  differential  and 
integral  calculus  (8),  teachers'  course  in  algebra  (6),  and  teachers' 
course  in  geometry  (6).  The  teachers'  course  m  algebra  constitutes 
an  introduction  to  some  of  the  concepts  of  modem  analysis.  Among 
the  topics  treated  are:  The  number  system  with  special  reference  to 
irrational  numbers,  limits,  mfinite  series,  the  fmidamental  operations, 
and  determinants. 

In  the  teachers'  course  in  elementary  geometry  the  student  is  taught: 
Methods  for  attacking  Euclidean  problems;  discussions  of  famous 
problems;  the  existence  of  transcendental  numbers  and  the  proofs  of 
the  transcendence  of  e  and  tt;  means  of  rigorous  discussion  of  the  more 
delicate  and  difficult  parts  of  the  subject,  such  as  the  systems  of 
axioms;  something  about  (a)  the  history  and  literature  of  elementary 
geometry;  (6)  the  most  important  French,  German,  and  Italian  texts; 
and  (c)  non-Euclidean  geometry. 

The  students  are  also  urged  to  take  a  year  each  (three  hours  a  week) 
in  physics  and  chemistry,  in  addition  to  the  courses  in  education  and 
psychology  referred  to  above.  For  the  A.  B.  degree  they  are  required 
to  take,  also,  12  hours  in  rhetoric,  composition,  and  English  litera- 
ture; 6  hours  in  European  history;  6  hours  in  economics  and  either 
social  or  political  science.     Other  courses  are  elective. 

Students  preparing  to  teach  in  secondary  schools  constantly  elect 
further  mathematical  work,  such  as  (1)  the  two-hour  course  in  differ- 
ential equations;  (2)  the  six-hour  course  in  theory  of  functions  of  a 
real  variable  (text,  first  part  of  Goursat-Hedrick's  Mathematical 
Analysis);  (3)  the  six-hour  course  in  fimctions  of  a  complex  variable 
(text,  Pierpont's  or  Burkhardt-Rasor's  work) ;  (4)  six-hour  course 
in  differential  geometry  (text,  latter  part  of  Goursat-Hedrick's  work 
and  Gauss's  memoir) ;  (5)  six-hour  course  in  projective  geometry;  (6) 
three-hour  course  in  solid  analytic  geometry;  (7)  three-hour  course 
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ill  tangential  coordinates  (French  text  by  Piijielier);  (8)  three-hour 
course  in  algebra  (German  text  by  Weber,  Band  1). 

In  the  Uniteil  States,  as  in  Germany,  the  general  courses  in  colleges 
and  universities  have  exerted  more  potent  inlluences  in  molding  teach- 
ers of  secondary  schools  than  any  coui'ses  in  professional  training. 
All  the  better  secondary  schools  now  require  that  newly  a])poiiited 
teachers  shall  be  college  graduates.  Monover.  the  ideals  cnd)t)died 
in  the  report  of  the  ctuiimittee  of  seventeen  are  rapidly  becoming  gen- 
erally accepted  and  have  led  to  yet  higher  standards  on  the  part  of 
many  schools  of  the  best  type. 

From  the  Atlantic  to  the  Pacific  there  is  constant  development  of 
schools  of  education,  and  the  greatest  in  the  country  are  associated 
with,  or  integral  parts  of,  universities.  Perhaps  the  School  of  Peda- 
gogy of  New  York  University,  Teachers  College  of  Columbia  Univer- 
sity,' and  the  School  of  Education  at  the  University  of  Chicago  are 
the  most  prominent — the  last  two  being  the  only  schools  of  the  type 
organized  for  research  work  in  the  teaching  and  history  of  mathe- 
matics leading  to  the  degrees  of  A.  M.  and  Ph.  D. 

Another  great  source  of  benefit  aiid  training  to  secondarA'-school 
teachers  is  the  opportunity  offered  by  the  recent  unparalleled  devel- 
opment of  summer  schools.  In  1913,  in  a  group  of  29  university 
summer  schools,  282  courses  of  the  character  of  professional  courses 
in  education  were  offered.-  Such  courses  are  especially  valuable  in 
inspiring  those  teachers  who  desire  to  continue  their  studies  during 
vacations. 

Tlie  enormous  increase  in  the  number  of  high  schools  during  the 
past  20  years  makes  the  problem  of  trainmg  teachers  for  them  a 
serious  one.  ^^'llile  the  State  normal  schools  ^  throughout  the  coun- 
try deal  effectively  with  the  problem  of  preparing  teachers  for  ele- 
mentarj'  schools,  the  training  of  high-school  teachers  is  a  small  part 
of  the  work  of  a  few  of  the  schools.  In  no  case  can  this  training  l)e 
considered  adequate  from  the  point  of  view  of  the  standard  set  by 
the  "Committee  of  Seventeen."  But  apart  from  normal  schools, 
although  in  practice  this  standard  is  fully  maintained  in  such  a 
State  as  Rhode  Island,  for  example,  there  and  in  every  other  State 
except  California  the  legal  requirements  for  certification  of  high- 
school  teachers  are  not  commensurate  with  that  standard.* 

I  The  Teachers  College,  Columbia  University,  was  changed  into  a  Rxaduate  school  in  19H. 
»  Rep.  of  U.  3.  Commls.  of  Educ.  for  1913.     Washiiicton,  1914,  vol.  1,  pp.  545-551. 

•  Statements  made  Ln  this  connection  are  Iwist'd  upon  Ch.  XH  in  Probltmi  involved  in  tlandarduinc Staie 
Normal  SchooU,  by  C.  n  Judd  and  S.  C.  Parker,    f  Hu.  of  Kduc,  Hul.,  1916,  No.  12.)     Washington,  1916. 

•  For  full  details  on  "The  Certification  of  .\merican  Teachers,"  see  pp.  20T-Z«of  Thr  Trniningol  Teacher* 
for  Secondary  Schools  in  Orrmanv  and  the  United  Stele*,  by  J.  F.  Brown.    New  York,  1911. 

101179'— 18 14 
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As  to  the  '' tangible  rewards"  which  form  an  attraction  to  the 
high-school  teacher  we  are  able  to  give  some  statistics  but  recently 
accumulated  and  published.^ 

The  salaries  for  men  and  women  in  city  high  schools  range  about 
as  follows: 

1.  In  cities  having  more  than  250,000  inhabitants. 


Minimum. 


Principal 

Vice  principal 

Head  of  department 
Teacher 


$1, 700 

1,000 

1,260 

450 


Maximum. 


$5,000 
2,S50 
4,000 
3,150 


Average. 


$3, 565 
2.164 
i;95i 
1,746 


2.  In  cities  having  5,000  andfeiver  than  lOfiOO  inhabitants. 

Minimum. 

Maximiun. 

Average. 

PrinciDal .                         .           

$360 
618 
100 

$2,  .500 
1,800 
1,<S00 

$1,314 

Head  of  department 

947 

Teacher 

795 

Cities  with  a  population  of  more  than  250,000. 


San  Francisco: 

Principal $3, 000-$3, 300 

Vice  principal 2, 100 

Head 2,010 

Teacher 1,.500-  l,6sn 

Chicago: 

Principal 3,000-  3,600 

Vice  principal 2, 100-  2,600 

Teacher 1,000-  2,600 


New  York: 

Principal $3, 150-$5, 000 

Teacher 900-  3,150 

Boston: 

Principal 2, 844-  3, 924 

Head 2, 340-  3, 204 

Teacher 1, 260-  3, 060 


Cities  iviih  a  population  less  than  250,000. 


Albany: 

Principal $3, 000 

Head $1,900-  2,200 


Teacher 

Providence: 

Principal 

Vice  principal. 
Teacher 


900-  1,900 

3,000 

2,200 

550-  2, 200 


Oakland: 

Principal $3, 000-$3, 300 

Vice  principal 2, 000-  2, 200 

Teacher 1,380-  2,100 


Cities  with  a  population  of  less  than  100,000  hut  greater  than  50,000. 


Sprinf^field: 

Principal $2, 800 

Head 1,300 

Teacher $S00-  1, 400 


Trov: 


Principal $2, 500 

Vice  principal 1,600 

Head 1,600 

Teacher 1, 500 


Cities  with  a  population  of  less  than  50,000  but  greater  than  25,000. 


SaleuK 

Principal S2, 700 

Teacher $400-  1,600 


San  Diego: 

Principal $2, 700 

Vice  principal 2, 208 

Teacher $1,416-  2,004 

'  The  Tangible  Rewards  of  Teaching.    A  detailed  Statement  of  Salaries  paid  to  the  several  Classes  of  Teachers 
and  School  Officers.     (Bu.  of  Educ,  Bui.,  1914,  No.  16.)    Washington,  1914. 
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In  the  15  States  of  the  North  Central  ^Vssociation  already  referred 
to,  G.  S.  Counts  gives  the  following  tahle  of  median  salaries  for  cities 
of  different  sizes:  ' 

Median  salaries  in  15  cities. 


Under 
2,500. 


Me<lian  salary  for  superintendents '  $1,62S 

Median  salary  for  priiui[>als 1,06S 

Median  salary  for  teachers ?Z3 


2.501- 
5,000. 


1,140 
965 


5,001- 
7.500. 


$1,950 

1,».' 

793 


7,501- 
10.000. 


$2,000 

1.445 

861 


10.001- 
15,000. 


$2,290 

1.5S7 

906 


15,001- 
50.000. 


$2,700 

2,005 

970 


50,001 
and 
over. 


$2,700 
3,014 
1,3S1 


Total. 


$l.R2l 

1.358 

919 


The  first  system  of  teachers'  pensions  to  be  established  in  the  United  States  appears 
to  be  that  of  Chicago,  which  was  inauR^irated  in  1893.  By  the  year  1900  nine  other 
systems  had  been  founde<l.  By  1910  there  were  25  more.  Nearly  half  (31)  of  all 
of  the  systems,  however,  have  come  into  existence  since  1910.  »  *  ♦  There  are 
now  State-wide  p<m.sion  systems  for  teachers  in  22  States.  There  are  local  systems 
in  10  more.     Thus  more  than  half  of  the  States  are  represented  in  the  movement.' 

The  65  pension  systems  are  generally  administered  by  special  boards,  in  which  the 
teachers  constitute  a  majority.  Provi.sion  is  as  a  rule  made  for  retirement  on  the 
ba.-'is  of  service  and  disability,  but  usually  only  for  teachers  entering  the  service 
after  the  establishment  of  the  system.  Founds  are  in  most  cases  provided  by  teachers' 
contributions  and  by  public  appropriation  in  approximately  equal  amount.s,  but  the 
funds  arranged  for  are  frequently  insufficient  to  pay  the  pensions  that  have  been 
promised. 

In  all  the  systems  retii'ement  is  on  the  basis  of  from  20  to  40  years' 
service,  most  frequently  30  years.  Teachers  contribute  to  the  funds 
in  four-fifths  of  tlie  systems,  most  frequently  1  or  U  or  2  per  cent 
of  their  salaries.  The  representative  salary  (the  median  averages 
ranging  from  ?::507  to  SI. 197)  of  the  teachers  in  61  sj-stems  reporting 
is  .$665  a  year.  The  representative  pension  in  these  s^-stems  (60 
reporting)  is  $500  a  year  (the  median  of  averages  ranging  from  $181 
to  $1,050). 

For  full  information  regarding  systems  of  teachers'  pensions  the 
reader  should  consult  the  seventh,  eighth,  ninth,  tenth,  eleventh, 
and  twelfth  reports  of  the  Carnegie  Foundation,  and  the  bulletin  by 
Kvan  and  King.' 


*A  Studfoflke  CoUtgttand  High  Schools  in  the  .VortA  Central  Association  (Bu.  of  Educ,  Uul.,  1915, 
No.  6),  Washineton.  1915,  p.  67. 

'This  paragmph  and  the  facts  which  follow  are  taken  from  the  admirable  "Summnry  of  Teachers' 
Pensiao5  Systems"  in  the  TenVt  Annual  Rrport  of  the  Carnegie  Foundation  for  the  ,\dvancenicnt  of 
Teaching.  New  York,  r>ct.,  1915,  pp.  100-102.  In  organizing  the  pension  s>-stems  no  distinction  has 
been  made  l)etween  elementary  and  secondary  tKii^hers. 

•  W.  C.  Ryan  and  R.  King,  State  Pension  Systems  for  Publie-School  Teachers.  Prepared  for  the  com- 
mittee on  teochors  salaries,  pensions,  and  tenure,  of  the  National  Education  .Association.  (Bu.  of  Educ, 
Bui  ,  1916.  No.  14).     Washington,  1916.    46  pp. 

Bibliography,  pp.  23-26.    Typical  pension  and  retirement  laws,  pp.  27-39. 
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No  consideration  of  the  various  forces  which  influence  and  tend 
to  raise  the  standards  for  the  training  of  teachers  in  the  United  States 
would  be  complete  without  reference  to  the  exchange  of  teachers 
between  Prussia  and  the  United  States.  In  response  to  a  request 
from  the  Prussian  minister  of  education  the  trustees  of  the  Carnegie 
Foundation  for  the  Advancement  of  Teaching  voted  in  1907  to 
authorize  the  president  of  the  foundation  to  act  as  the  agency  in 
America  for  an  exchange  of  teachers  of  English  between  the  United 
States  and  Prussia.  Since  that  time  about  40  of  our  college  and 
high-school  teachers  drawn  from  more  than  a  score  of  States  have 
been  cordially  received  in  Prussian  secondary  schools,  and  a  like 
number  of  Prussian  Oberlehrer  sent  to  us  were  located  in  college, 
university,  academy,  and  high  school.  Several  of  our  teachers  sent 
over  were  teachers  of  mathematics,  one  of  them  being  a  college 
professor. 

The  advantages,  direct  and  indirect,  accruing  from  the  exchange 
have  been  very  great,  and  more  general  acquaintance  with  the  effi- 
ciency and  worth  of  Germany's  system  of  secondary  education  will 
surely  be  a  som'ce  of  weighty  influence  for  progressive  reform  in  this 
country.^  • 
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XIX.    SUMMARY  AND  COMPARATIVE  REMARKS. 


A  summary  of  some  of  the  principal  facts  in  connection  with  the 
training  of  teachers  for  secondary  schools  as  well  as  comment, 
mainly  of  a  comparative  natm'e,  is  given  in  the  following  paragraphs. 
All  statements  should  be  considered  in  the  light  of  the  fuller  discus- 
sion in  earlier  pages. 

I.  Australia. — The  standards  for  the  training  of  secondary  teachers 
in  Victoria  and  New  South  Wales  are  those  to  which  all  States  of  the 
Commonwealth  are  approaching.  In  the  Teachers'  College  and 
University  at  Melbourne,  Victoria,  the  usual  com"se  of  training  lasts 
four  years— three  years  to  obtain  the  B.  A.  or  B.  Sc.  degree  and  one 
year  of  special  professional  training.  The  professional  training 
includes  (1)  attendance  at  lectures  in  the  \miversity  on  theory  of 
education  with  special  reference  to  the  method  of  teaching  the  various 
subjects;  and  (2)  120  hom's  of  teaching  under  supervision  in  primary 
and  secondary  schools.  In  New  South  Wales  similar  requirements 
of  at  least  four  years  of  training  after  leaving  the  high. school  are 
maintained.  Professional  work  is  taken  up  after  graduation  from 
the  university.  This  consists  in  part  (1)  of  study  in  philosophy,  edu- 
cation, principles  of  teaching,  and  school  hygiene;  (2)  of  continuous 
practice  teaching  (8-10  hours  a  week).  In  neither  Victoria  nor 
New  South  Wales  is  it  necessary  that  the  teacher  shall  have  had 
special  courses  in  mathematics  in  the  university.  On  the  other 
hand  the  better  schools  prefer  graduates  with  "honors"  in  mathe- 
matics. 

II.  Austria. — To  a  certain  extent  the  provisions  for  the  training  of 
secondary  school  teachers  and  the  conditions  imder  which  they  work 
are  similar  to  those  prevailing  in  Germany. 

The  training  rec|uired  for  candidates  as  teachers  in  the  Austrian 
Gymnasium  and  Realschule  is  practically  the  same.  There  must  be 
not  less  than  three  and  one-half  years  of  scientific  and  other  prepa- 
ration (not  always  good)  at  a  university.  After  five  semesters  the 
preliminary  examination  in  philosophy  and  pedagogy  may  be  taken. 
When  this  is  passed  apphcation  may  be  made  not  earlier  than  the 
end  of  the  seventh  semester  for  the  Lehramtspriifung,  with  its  Haus- 
arbeiten  and  oral  examinations.  After  this,  in  theory  only  one  year 
of  practical  training  at  a  Mittelschulseminar  is  requu^ed,  while  a  second 
year  is  permitted.  But  in  practice  very  few  candidates  have  had 
212 
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more  than  a  luiiior  part  (^f  tlic  training  of  even  a  siii«;lo  Pro^ojnhr 
l)efore  takinj^j  up  a<'.tiial  toaching. 

The  written  and  oml  examinations  ft)r  the  Lehramtspriifungc 
may  include  matliematics  as  (1)  u  major  or  CJ)  a  minor.  In  tlio 
former  case  (1)  the  candiihite  must  be  famiJiar  witii  "•general  aritli- 
metic,"  the  ft)undations  of  hijjher  iUj;el)ra  and  theory  of  numbers  and 
their  si<:jnilicance  for  elementary  mathematics,  ele:tientary  n;eon)etry, 
synthetic  and  amilytic  «;eometry.  tlifTcreiitial  and  intepjral  cal- 
culus and  its  applications  to  {geometry,  the  elements  of  tlu'  cal- 
culus of  variations  and  foundations  of  the  modern  theory  of  functions, 
and  the  principal  results  of  investigations  concerning  the  founda- 
tionsof  mathematics.  (2)  Whenmathematicsisaminor  it  is  demanded 
that  the  candidate  shall  have  knowledge  of  elementary  arithmetic, 
insight  into  the  structure  of  the  field  of  real  numbers  and  into  opera- 
tions with  them;  knowleclge  of  elementary  geometry  to  the  extent 
of  what  is  taught  in  secondary  schools,  and  exercises  in  space  per- 
ception; accuracy  and  speed  in  tlie  solution  of  simple  examples 
api)lying  the  idea  of  a  function  and  the  elements  of  different itd  and 
integral  C}d<ulus  to  functions  coming  up  in  secondary  school  work. 

The  candidate  is  given  three  months  to  j)repare  tlie  llausur])eit 
on  some  subject  not  discussed  in  tlie  lectures  at  the  university. 
With  mathematics  as  major  recejit  Ilaubsar])eiten  have  dealt  with 
such  topics  as:  "The  theory  of  Foiuier  series";  "Thet a  functions  and 
their  applications  in  theory  of  sui-faces  of  the  fourth  order";  "Method 
of  tierivation  of  large  j)rime  numbers";  and  "Algebraic  treatment 
of  the  27  lines  on  a  cubic  sm'face."  With  mathematics  as  a  minor: 
"Weierstrass's  theory  of  irrational  numbers,"  "Properties  of  the 
nine-point  circle."  and  "The  theorems  of  Fermat  and  Wilson," 

The  P'robejalu'  includes  observation  of  teaching  methods,  practice 
teaching  under  directions,  the  preparation  of  reports  and  weekly 
conferences  with  the  staff  of  the  .Seminar  on  such  matters  as  teach- 
ing, school  discipline,  pedagogy,  school  hygiene,  and  new  publica- 
tions of  interest  to  teachers. 

It  is  deplored  that  teachers  of  mathematics  in  the  Untergynnuisia 
and  Unterrealschule  may  have  hatl  only  the  scientific  training 
required  when  mathematics  has  ])een  taken  as  a  minor. 

III.  Belgium. — The  diplome  de  sortie  of  an  ath^'ii^'e  royal,  or  of 
certain  of  tlu'  colleges  entitles  a  student  to  enter  one  of  ihe  uni- 
versities at  which  all  teachers  of  the  ath«'nees  are  prepared.  The 
inspectors  of  studies  and  professors  in  an  athenee  and  the  rector  (or 
head)  of  a  lower  middle  school  must  have  secured  the  doctor's 
degree,  and  the  nnusters  (surveillants)  in  an  athenee  must  have  the 
imivei-sity  diploma  of  "candidate."  (The  four  universities  include 
two  State  establishments,  the  free  uni verity  at  Brussels,  and  the 
Roman  Catholic  University  at  Louvain.) 
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During  the  first  two  years  the  student  prepares  for  examinations 
leading  to  the  certificate  as  "Candidate  in  physical  sciences  and 
mathematics."  '  The  examinations  of  the  first  year  are  on:  Ana- 
lytic geometry,  plane  and  solid;  descriptive  geometry;  higher  alge- 
bra and  the  elements  of  the  theory  of  determinants;  differential  and 
integral  calculus  (first  part);  analytic  statics;  experimental  and 
laboratory  physics.  For  the  second  year:  Logic;  psychology;  moral 
philosophy;  projective  geometry;  integral  calculus  (second  part); 
elements  of  the  calculus  of  variations  and  calculus  of  differences; 
pure  kinematics;  crystallography;  and  laboratory  exercises. 

The  first  examinations  for  the  doctorate  occur  at  the  end  of  the 
third  year.  They  are  on :  Higher  analysis ;  dynamics ;  general  math- 
ematical physics;  spherical  astronomy  and  elements  of  mathematical 
astronomy;  elements  of  the  calculus  of  probabilities  with  the  theory 
of  least  squares. 

The  subjects  of  the  second  set  of  examinations  for  the  doctorate 
(in  the  fourth  year)  include:  Mathematical  methodology;  elements 
of  the  history  of  the  physical  sciences  and  mathematics;  and  one 
of  the  five  following  groups  chosen  at  pleasure  by  the  candidate: 
(a)  Higher  analysis;  (6)  higher  geometry;  (c)  analytic  mechanics 
and  celestial  mechanics;  {d)  mathematical  astronomy  and  geodesy; 
and  (e)  experimental  physics  and  mathematical  physic^?.  The  exam- 
ination in  the  "group"  chosen  is  somewhat  searching,  as  the  thesis 
has  to  do  with  the  development  of  some  part  of  it.  The  thesis  must 
be  publicly  defended.  Prospective  teachers  must  also  give  two  pubhc 
"lessons,"  the  subjects  for  which  are  designated  in  advance  by  the 
jury  and  chosen  from  the  program  of  the  athenees. 

The  young  doctor  is  qualified  to  teach  in  an  athenee  at  once  without 
any  professional  training.  In  general,  it  is,  however,  only  after 
several  years  in  some  such  minor  position  as  surveillant  that  he  may 
reach  the  status  of  a  professor  in  an  athenee.  In  the  large  cities, 
the  salaries,  corresponding  pensions,  and  social  position  connected  with 
such  a  chair  are  attractive. 

IV.  Denmark. — The  university  course  for  the  scientific  training  of 
a  teacher  for  a  secondary  school  usually  ends  in  about  six  years, 
with  the  Skoleembedsexamen.  This  examination  consists  of  two 
parts,  covering  the  major  and  two  minors ;  if  the  major  is  mathematics, 
the  minors  are  astronomy  with  apphed  mathematics,  and  chemistry 
with  physics.  But  in  addition  to  these  at  the  end  of  the  first  year 
the  candidate  must  pass  the  "Filosofikum,"  an  examination  in 
logic,  psychology,  and  the  elements  of  the  history  of  philosophy. 
This  entitles  him  to  the  degree  candidatus  philosophiae.  Having 
passed  the  Skoleembedsexamen  he  is  candidatus  magisterii.     After 

>  This  certificate  very  nearly  corresponds  to  the  bachelor's  degree  in  this  country. 
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two  yotirs  of  professional  training  (a  year  in  the  State  Pedagogic 
Seminary  and  a  year  as  assistant,  or  regular  teacher,  in  a  State  or 
private  secondary  school),  or  its  equivalent,  the  candidate  is  finally 
examined  as  to  eligibility  to  teach.  In  view  of  the  eight  years  of 
such  training,  the  salaries  are  pitifully  small. 

In  the  lirst  part  of  the  Skoleoml)odscxainon  the  matliematiral  sub- 
jects include:  Plane  and  solid  analytic  geometry,  theory  of  infinite 
series,  differential  equations  with  a  single  indepenilent  variable,  total 
and  partial  linear  differential  equations  in  three  varia])les,  differ- 
ential geometry,  statics,  kinematics,  hydrostatics,  and  advanced 
portions  of  gymnasial  mathematics  from  a  higher  point  of  view.  The 
second  part  of  the  examination  with  mathematics  as  a  major  includes 
questions  on  such  subjects  as  function  theory,  elementary  number 
theory,  methods  of  descriptive  geometry,  synthetic  and  analytic  pro- 
jective geometry,  and  mathematical  history. 

V.  England. — The  amount  of  mathematics  taught  in  English  sec- 
ondary schools  varies  from  such  a  program  as  the  elements  of  arith- 
metic, algebra,  and  geometry  required  for  a  London  University 
matriculation  examination,  to  programs  wliich  include  trigonometry, 
s\Tithetic  and  analytic  geometry,  theory  of  equations,  differential 
and  integral  calculus,  statics  and  hydrostatics — indeed  all  subjects 
necessary  to  prepare  for  an  entrance  scholarsliip  examination  in 
mathematics  at  Cambridge  University,  for  example.  In  the  mathe- 
matical training  of  the  teacher  there  is  corresponding  variation.  In 
practically  all  cases  it  is  necessary  for  a  candidate  for  a  position 
to  be  a  college  graduate.  But  on  the  one  hand  he  may  have  re- 
ceived a  "pass"  degree,  in  three  years,  without  any  college  work  in 
mathematics;  and  on  the  other  hand  he  may  have  spent  four  years 
in  obtaining  a  degree  with  first-class  honors  in  mathematics.  As  to 
the  extent  of  the  professional  training,  this  does  not  exceed  a  year 
in  the  training  college  of  what  we  call  the  graduate  school  of  a  uni- 
versity, but  even  this  is  not  yet  always  insisted  upon.  Athletic  a])il- 
ities  are  a  valuable  asset  for  a  man  seeking  a  position.  The  salaries 
are  often  very  low. 

That  first-class  scientific  and  professional  training  is  not  generally 
demanded  of  candidates  for  positions  as  teachers  of  mathematics  in 
secondary  schools  indicates  a  marked  similarity  between  the  stand- 
ards in  England  and  the  United  States. 

VI.  Finland. — The  steps  required  in  the  preparation  of  the  sec- 
ondary school  teacher  of  mathematics  after  leaving  the  lyceum  are: 
(1)  To  pass  the  examinations  for  a  "'candidate  of  philosophy,"  or  for 
the  "certificate  of  aptitude  in  teaching"  aft<ir  four  or  five  years  of  prep- 
aration in  the  university;  then  (2)  to  spend  a  year  of  professional 
training  in  one  of  the  normal  iyccor;  and  (3)  to  pass  an  examination 
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in  theoretical  and  practical  pedagogy.  In  each  of  the  examinations, 
grades  approbatur,  approbatur  cum  laude,  and  laudatur  are  assigned. 

A  professor  in  a  secondary  school  must  have  the  degree  of  "candi- 
date of  philosophy"  with  highest  grade  in  the  major  subjects  required 
by  the  post.  For  the  assistant  professor,  the  same  degree,  or  "cer- 
tificate of  aptitude,"  with  at  least  the  second  highest  grade  in  the 
major  sul)jects  required  by  the  position,  is  necessary. 

The  "candidate  of  philosophy"  has  had  courses  in  spherical  trigo- 
nometry, analytic  geometry,  differential  and  integral  calculus,  differ- 
ential equations,  theory  of  numbers,  theory  of  functions  of  a  complex 
variable,  and  occasional  courses  in  such  subjects  as  minimal  sur- 
faces, theory  of  groups,  and  elliptic  functions. 

VII.  France. — The  highest  type  of  secondary  school  in  France  is 
the  lycee.  The  following  remarks  are  with  reference  to  preparation 
of  teachers  for  this  institution.  The  tendency  of  recent  legislation  is 
to  demand  that  all  teachers  shall  have  passed  the  examination  of  the 
agregation.  The  requirements  of  this  examination  in  respect  to 
knowledge  of  mathematics  and  dextrous  handling  of  materials  are  un- 
paralleled by  any  other  country.  Professional  training,  in  comparison 
with  the  amount  required  by  Denmark  or  Prussia,  is  comparatively 
neglected,  and  this  has  been  judged  by  some  as  a  weakness  in  the 
French  preparation.  It  should  be  borne  in  mind,  however,  that  it 
is  difficult  for  an  intelligent  Frenchman  (and  the  agreges  are  the 
61ite  of  the  country's  intellectuals)  to  be  otherwise  than  interesting, 
effective,  and  elegant  in  his  exposition  of  any  subject. 

The  bachelor  who  wishes  adequately  to  prepare  himself  as  a 
mathematical  teacher  in  a  lycee  usually  undergoes  the  strenuous 
training  of  the  classes  de  mathematiques  speciales  in  mathematics, 
physics,  chemistry,  descriptive  geometry,  drawing,  German,  and 
French.  This  preparation,  covering  at  least  two  years,  equips  him 
for  the  university,  where  the  three-year  course  continues  to  be  of 
a  higlily  specialized  character.  The  best  students  pass  the  examina- 
tion for  the  licence  at  the  end  of  the  first  year,  other  tests  at  the  end 
of  the  second,  and  present  themselves  for  the  terrific  concourse  of  the 
agregation  at  the  end  of  the  third  year.  Pedagogics  and  practice 
teaching  form  a  very  meager  part  of  the  training  of  the  teacher. 

The  annual  number  of  agreges  has  never  exceeded  14.  For  the 
years  1885-1909  there  were  only  300,  of  whom  178  were  trained  at 
the  famous  Ecole  Normale.  In  1909,  of  the  300  agreges  51  had  also 
become  docteurs  es  science  mathematiques.  Such  a  doctorate  ranks 
far  higher  than  any  German  doctorate,  the  acquisition  of  wliich  has 
been  made  part  of  the  preparation  of  many  Oberlelirer. 

As  to  the  mathematical  attainments  of  the  agrege,  they  are 
equaled  by  those  of  only  a  verj^  small  percentage  of  professors  of 
mathematics  in  American  colleges. 
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\'III.  Germany. — Among  the  nations  of  the  world,  Denmark, 
France,  Sweden,  and  Germany  certainly  maintain  the  highest  stand- 
ards in  the  selection  of  teachers  for  their  better  secondary  sciiof)ls. 
And  no  small  part  of  the  remarkable  training  which  these  teach- 
ers get  is  from  master  minds  and  mivster  teachers  in  the  schools 
themselves.  Germany  insists  much  less  than  France  on  brilliancy 
and  ])readth  of  mathematical  attainment,  biit,  Uke  Denmark  and 
Sweden,  decidedly  more  on  theoretical  and  jjractical  professional 
training. 

The  candidate  for  teaching  in  a  secondary  school  in  Prussia  is 
examined  by  a  commission  composed  partly  of  professors  and  partly 
of  State  oflicials.  Before  the  commission  he  must  place — (1)  his 
MaturitJitszeugnis  from  a  Gynmasium,  Realschule.  or  Oberrealschule; 
(2)  documents  to  show  that  he  has  spent  at  least  three  years  in  study 
at  one  or  more  German  universities  (in  point  of  fact  candidates 
usually  spend  iowv  or  five.  For  three  of  the  six  semesters  retiuired 
the  mathematician  may  have  attended  a  technical  high  school) ;  (3)  a 
statement  of  the  subjects  (for  example,  jiure  mathematics  and  physics 
and  applied  mathematics)  and  classes  (Sexta  to  Untersckunda,  inclu- 
sive, or  Obersekunda  to  Oberprima,  inclusive)  for  which  the  candidate 
hopes  to  prove  his  qualifications;  and  (4)  a  statement  of  the  field  in 
which  he  wishes  to  receive  subjects  for  required  essays.  Not  more 
than  tliree  months,  ordinarily  six  weeks,  are  allowed  to  prepare 
the  essays.  For  one  of  them  some  publication  of  note,  such  as  the 
candidate's  doctor's  dissertation,  may  sometimes  be  substituted. 

The  written  and  oral  examinations  are  in  philosoj)hy,  pedagogy, 
religion,  German  literature,  and  the  candidate's  special  subjects. 
For  first-grade  rank  in  jiurc  mathematics  the  candidate  nnist  show 
that  he  is  thoroughly  acquainted  with  the  principles  of  higher  geome- 
try, arithmetic,  algebra,  higher  analysis,  and  analytical  mechanics 
and  can  solve  fairly  difficult  problems  without  assistance. 

Having  passed  these  examinations  pro  facultate  docendi,  the 
Schulamtskandidat  must  still  undergo  two  years  of  severe  pro- 
fessional training,  (i)  the  Seminarjahr  antl  (ii)  the  Probejahr. 

When  favorable  report  has  been  made  on  the  work  of  the  Probejahr 
the  candidate's  name  is  put  on  a  list  of  teachers  eligible  to  appoint- 
ment in  the  higher  schools  of  the  province  in  which  the  examination 
was  held. 

Several  German  States  follow  Pru.ssia's  method  of  training  teach- 
ers  for  secinidary  schools.  Others  chfTer  in  various  ways:  Bavaria, 
Saxony,  Wurtcml)crg.  Baden,  and  Hesse  each  require  four  years  at 
a  university;  in  Wurtemberg  the  Seminarjahr  is  unnecessary;  and 
Bavaria,  Baden,  and  ^Usace-Lorraine  demand  no  Probejahr.  There 
are  also  differences  in  details,  even  when  general  requirements  are 
the  same.     But  tiiroughout  the  Empire  the  attractions  of  the  teach- 
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er's  position  are  sufficiently  strong  to  draw  some  of  tlie  best  mathe- 
matical talent  of  the  country. 

IX.  Hungary. — The  method  of  training  secondary  school  teachers  in 
Hungary  is  more  adequate  than  that  in  Austria.  Recruits  for  such 
training  are  drawn  from  among  the  graduates  of  the  Gymnasia  and 
Real  Schools.  The  elaborate  and  searcliing  training  is  carried  on 
during  five  years  at  a  university,  or  in  the  Polytechnikum,  and  at  a 
training  college.  In  starting  out,  the  candidate  must  elect  two  sub- 
jects which  he  wishes  to  teach;  the  selection  of  a  third  is  recom- 
mended. Mathematics,  physics,  and  descriptive  geometry  are  not 
uncommonly  chosen  together. 

The  examinations  in  the  course  are  threefold:  (1)  The  general 
examination,  at  the  end  of  the  fourth  semester;  (2)  the  examination 
on  special  subjects,  at  the  end  of  the  eighth  semester;  and  (3)  the 
pedagogic  examination  at  the  end  of  the  next  year,  which  the  candi- 
date usually  employs  in  professional  practice. 

In  the  general  examination  the  oral  part  contains  questions  in  plane 
and  spherical  trigonometry,  analytic  geometry,  analysis,  descriptive 
geometry,  physics,  the  Hungarian  language,  and  one  modern  language 
(German,  French,  English,  or  Italian)  with  the  literature  of  the  same. 

Five  months  before  the  examination  in  special  subjects  the  candi- 
date is  given  a  theme  in  each  of  his  subjects,  upon  which  he  has  to 
write  a  dissertation.  These  dissertations  must  indicate  originality, 
familiarity  with  literature,  and  broad  knowledge  of  the  themes.  In 
the  oral  examinations  on  special  subjects  the  candidate  must  show 
decided  proficiency.  Tlie  oral  examination  in  mathematics  is  on — 
(1)  The  mathematics  of  secondary  schools;  (2)  certain  parts  of 
geometry,  algebra,  and  analysis  common  for  all  candidates;  and  (3) 
the  following  five  subjects,  one  of  which  must  be  known  thoroughly, 
the  others,  in  a  general  way:  (a)  Modern  geometry  and  the  theory 
of  algebraic  forms;  (6)  number  theory  and  higher  algebra;  ic)  gen- 
eral theory  of  skew  curves  and  surfaces;  {d)  general  theory  of  ana- 
lytic and  elliptic  functions;  and  (e)  advanced  portions  of  integral 
calculus. 

The  examination  in  pedagogy  consists  of  a  dissertation  and  an  oral 
examination  in  history  of  philosophy,  logic,  psychology,  pedagogy, 
history  of  pedagogy,  and  special  methods  for  teaching  mathematics. 
While  this  examination  occurs  at  the  end  of  the  fifth  year,  most  of  the 
courses  of  study  have  been  taken  during  the  first  four  years  at  the 
university.  The  fifth  year  is  largely  devoted  to  training  and  practice 
teaching  in  a  Seminar,  such  as  Karman's,  or  the  State  trauiing  col- 
lege. Teachers  do  not  attain  to  full  service  until  after  three  years 
of  probationary  activity. 

X.  Italy. — A  candidate  for  a  position  as  teacher  of  mathematics  in 
a  secondary  school  must  possess  the  degree  of  Dottore  in  matematiche 
pure  from  one  of  the  universities.     After  the  candidate  has  graduated 
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from  a  liceo  or  an  istitiito  four,  somolimes  live,  ycai^s  are  devoted 
to  securing  this  degree.  With  an  exception  to  be  referred  to  pres- 
ently, the  courses  of  study  are  wholly  in  pure  and  applied  mathematics 
and  allied  fields.  An  idea  of  the  breadth  of  some  of  thase  courses 
may  be  obtaineil  by  recalling  that  the  following  works  consist  mainly 
of  university  lectures:  F.  Seven's  Lezione  di  geometria  algebraica 
(1908);  E.  Ciani's  I^zione  di  geometria  proicttiva  ed  analitica 
(1912);  and  G.  Castelnuovo's  Lezione  di  geometria  analitia  (1913). 

The  first  two  years  of  study  lead  to  the  certificate  licenza  dell' 
imiversitil.  During  the  last  two  (or  three)  years  the  student  (1) 
carries  five  advanced  courses  (theoretic  geodesy  being  put  on  a  plane 
with  higher  anal}-sis),  (2)  writas  a  dissertation,  and.  if  he  wishes  to 
occupy  an  advantageous  position  with  respect  to  appointments,  (3) 
attends  lectures  on  methods  of  teaching  leading  to  the  dij^loma  di 
magistero  (these  lectures  are  given  in  the  scuola  di  magistero  of  the 
university).  Tlie  iinul  examinations  of  the  univei'sity  lead  to  the 
laureate,  of  which  there  are  many  grades. 

The  student  who  has  read  nothing  but  what  was  suggested  in  lectures  is  not  likely  to 
pass  out  with  "full  wishes  and  praise,  "as  the  highest  grade  is  called,  nor  will  the  most 
favorable  opportunities  probably  be  waiting  for  him  in  future;  still  he  has  the  highest 
degree  which  the  university  confers.  The  di.s.sortations,  as  is  natural,  present  great 
variation  in  value  and  originality.  The  candidate  is  re<iuired  to  publish  a  full  r^sum^ 
of  his  results,  but  not  the  thesis  itself;  whereby  a  long-suffering  mathematical  public  is 
spared  much,  for  the  feebler  dissertations  never  see  the  light.  The  better  ones  find 
ready  acceptance  by  the  mathematical  journab  or  are  laid  before  learned  societies. 

The  first  appointment  of  a  teacher  in  a  secondary  school  is  for 
three  years,  after  which  the  appointment  may  be  made  permanent 
if  the  inspector's  report  is  favorable;  if  not,  the  appointment  is 
extended  for  another  year,  when  the  teacher  is  delinitely  appointed 
or  dismissed. 

In  the  preparation  of  the  teacher  the  lack  of  professional  training 
is  regarded  as  serious  by  many;  his  scholastic  equipment  in  his 
special  subject  is  probably  equal  to  that  of  the  Oberlelu'er. 

XI.  Japan. — The  usual  method  of  preparation  ivs  a  teacher  in  a 
middle  school  is  (1)  to  take  the  coiu^e  of  foul"  years  in  one  of  the 
higher  normal  schools  whose  graduates  are  granted  teachei's'  licenses; 
or  (2)  to  attend  some  similar  institution  and  pass  the  four  grades  of 
examinations  set  by  the  department  of  education  for  the  license.  A 
gakushi  of  the  faculties  of  science  in  the  universities  of  Tokyo  and 
Kyoto,  who  has  no  professional  training,  is  entitled  to  receive  a 
license  without  examination.  Similar  privileges  are  accorded  to 
graduates  of  foreign  universities. 

The  courses  in  the  higher  normal  school  which  prepare  teachers  of 
mathematics  and  ph3'sics  include  professional  training,  teachers' 
courses  in  algebra  and  geometry,  higher  algebra,  plane  and  solid 
analytic  geometry,  and  differential  and  integral  calculus.     The  four 
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grades  of  examination  in  mathematics  set  by  the  department  of 
education  are  in  (1)  arithmetic,  algebra,  and  geometry;  (2)  trigo- 
nometry; (3)  analytic  geometry;  and  (4)  differential  and  integral 
calculus. 

Teachers  in  the  eight  higher  middle  schools,  which  are  closely  allied 
to  the  miiversities  in  their  organization,  are  nearly  all  gakushi  in 
mathematics.  At  the  university  the  gakushi  have  passed  examina- 
tions in  calculus  and  differential  equations,  solid  analytic  geometry, 
projective  geometry,  astronomy  and  least  squares,  general  physics, 
general  dynamics,  and  theory  of  numbers. 

XII.  The  Netherlands. — Gymnasia  prepare  students  to  enter 
directly  the  various  departments  of  the  universities,  but  graduates  of 
higher  burgher  schools  must  pass  university  examinations  in  Latin 
and  Greek.  The  first  examination  after  entering  the  university  is 
the  examination  for  candidature,  at  the  end  of  about  three  years ;  the 
second  examination,  that  for  the  doctorate,  occurs  at  the  end  of  about 
six  years  of  study.  If,  in  addition  to  passing  the  latter  examination, 
the  candidate  prepares  for  the  faculty  an  appropriate  thesis,  he  is 
entitled  to  the  degree  of  doctor.  It  is  from  those  who  have  passed 
the  examination  for  the  doctorate  that  teachers  for  gymnasia  and 
higher  burgher  schools  are  almost  wholly  recruited.  They  have  had 
absolutely  no  professional  training. 

A  candidate  for  appointment  as  teacher  in  a  tlu-ee-year  or  five-year 
higher  burgher  school  may  also  prepare  himself  for  the  position  by 
passing  a  series  of  exceedingly  elaborate  examinations,  the  prepara- 
tion for  which  is  made  entirely  outside  of  the  universities.  For  the 
five-year  school,  examinations  on  the  following  subjects,  among  others, 
must  be  passed:  Plane  and  spherical  trigometry,  descriptive  geome- 
try, analytic  geometry,  calculus,  theoretical  and  apphed  mechanics, 
physics,  chemistry,  cosmography,  geology,  and  mineralogy.  During 
the  past  50  years  exceedingly  few  have  qualified  themselves  as  teach- 
ers in  this  way. 

Some  of  the  subjects  leading  to  the  examination  for  the  doctorate 
are  higher  algebra,  calculus,  plane  and  solid  analytic  geometry,  de- 
scriptive geometry,  differential  equations,  theory  of  functions,  differ- 
ential geometry,  calculus  of  variations,  and  mathematical  physics. 

XIII.  Roumania. — Graduating  from  the  lycee  when  about  19  years 
of  age,  the  student  prepares  himself  to  be  a  secondary  teacher  by 
study  for  (1)  the  diploma,  licence  es  sciences  mathematiques  of  a 
university;  and  for  (2)  the  certificate  of  a  pedagogic  seminar.  The 
examinations  for  the  license  are  in  higher  algebra,  analytic  geometry, 
descriptive  geometry,  differential  and  integral  calculus,  theory  of 
functions,  mechanics,  and  astronomy.  It  takes  at  least  three  years 
to  prepare  for  these  examinations.  Professional  training  is  obtained 
at  a  pedagogic  seminar. 
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A  caiulidrtto  for  the  position  of  secondary  t(>a<lu'r  shoiiltl  have 
pjussed  tlie  examination  of  cainicity.  To  he  achnittcil  to  this  exam- 
ination the  student  nmst  possess  the  diploma  and  certificate  mentioned 
ahove. 

The  organization  of  the  secondary  schools  and  the  training;  of  teach- 
ers for  them  is  very  similar  to  that  in  France.  In  Roumania  perhaps 
more  emphasis  is  put  on  professional  training. 

XIV.  lius.fiii. — Graduates  of  the  j^jnnnasium  and  of  the  seven-year 
"real  school"  are  entitled  to  rej^ister  in  faculties  of  the  universities. 
The  course  for  teachers  in  the  gynmasia,  as  well  as  for  most  teachers 
in  the  "real  schools,"  occupies  four  years  and  leads  to  a  dii>loma  of 
the  first  or  second  grade.*  The  courses  for  the  mathematics-ana- 
lytic mechanics  group  at  the  University  of  Petrograd  include  spher- 
ical trigonometry,  atialytic  geometry,  calculus,  partial  differential 
equations,  theory  of  numhers,  theoretical  mechanics,  hydrostatics 
and  hydrochmamics.  and  astronomy  and  celestial  mechanics. 

It  was  not  till  recently  that  any  provision  was  made  to  give  pro- 
fessional ttaining  to  candidates  for  teaching  positions  in  State  second- 
ary schools.  This  beginning  was  made  in  1909,  when  a  year  course 
including  lectures  in  logic,  psychology,  pedagogy  and  its  history,  as 
well  as  practice  teaching,  was  organized  for  the  arrondissement  of 
Petrograd. 

XV.  Spain. — The  bachiller  en  artes  of  an  instituto  may  prepare 
himself  to  teach  mathematics  in  an  instituto  at  any  one  of  the  three 
universities:  Barcelona,  Madrid,  or  Zaragoza.  The  courses  in  the  fac- 
ulties of  science  lead  to  the  licenciatura  certificate  in  about  four  years; 
the  apt  scientific  investigator  may  procure  the  doctorate  in  another 
year.  Every  candidate  for  a  professorship  in  the  instituto  must 
liave  a  liccHciatura  certificate;  the  best  positions  are  obtained  by  the 
doctors  in  mathematical  sciences. 

The  mathematical  courses  leading  to  examinations  for  the  licencia- 
tura are  as  follows:  Mathematieid  analysis,  metric  geometry,  analytic 
geometry,  infinitesimal  calculus,  cosmography  and  ph3'^sical  geo- 
graphy, projective  geometry,  descriptive  geometry,  rational  mechan- 
ics, and  spherical  astronomy  and  geodesy.  (This  list  of  subjects 
strongly  reminds  one  of  those  required  for  the  licenza  in  Italy.)  The 
exanunations  take  on  different  forms  and  imply  a  certain  amount  of 
professional  training. 

To  prepare  for  the  doctorate  the  student  nmst  (1)  attend  courses 
in  higher  analysis,  higher  geometry,  astronomy  oi  the  planetary  sys- 
tem, and  mathematical  physics;  (2)  present  a  memoir  on  a  subject 
selected  by  the  candidate;  and  (3)  successfully  defend  the  memoir 
i)efore  a  tribunal. 

'  This  is  not  a  degree;  the  degrees  of  magistcr  and  doctor  require  longer  preparation. 
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XVI.  Sweden. — The  very  thorough  course  of  the  gymnasium  con- 
cludes with  the  studentsexamen,  the  sole  means  by  which  a  student 
may  enter  one  of  the  universities;  mathematics  is  there  taught  in 
the  faculty  of  philosophy.  The  courses  for  secondary-school  teachers 
are  very  elaborate  and  lead  to  (1)  the  filosofisk  ambetsexamen,  at 
the  end  of  about  four  years  of  study;  and  (2)  the  filosofie  licentia- 
texamen,  after  about  eight  years  of  preparation.  Candidates  for  posi- 
tions as  teachers  in  the  Realskolor  are  required  to  pass  the  first  of 
these  examinations;  those  seeking  higher  posts  in  the  gymnasia,  the 
second;  but  in  this  latter  course  the  candidate  must  also  defend  a 
thesis  for  the  degree  of  doctor. 

In  each  case  the  candidate  has  to  spend  a  probationary  year 
in  connection  with  some  one  of  five  special  schools  which  organize 
excellent  professional  training.  Moreover,  before  regular  appoint- 
ment as  professor  or  assistant  professor  in  the  Government  second- 
ary schools,  the  candidate  must  have  spent  at  least  two  years  in 
successfully  performing  the  duties  attached  to  the  position.  Sweden 
probably  leads  the  world  in  the  extent  of  scientific  prepa^-ation  re- 
quired for  her  professors  (Lektorer)  in  tlie  gymnasia. 

The  subjects  of  the  ambetsexamen  include  projective  geometry, 
theory  of  equations,  calculus,  analytic  geometry,  theory  of  numbers, 
theory  of  probabilities,  ordinary  differential  equations  with  constant 
coefficients;  and  generally  for  the  highest  predicate  elements  of  the 
theory  of  (a)  differential  equations,  {h)  analytic  functions,  and  (c) 
differential  geometry.  In  the  preparation  for  the  licentiatexamen  the 
candidate  is  introduced  into  various  important  fields  of  modern 
mathematics,  including  ordinary  and  partial  differential  equations 
of  mathematical  physics. 

XVII.  Switzerland. — Considering  the  country  as  a  whole,  there 
are  no  fixed  examinations  for  secondary-school  teachers ;  nor  are  there 
any  colleges  for  training  them,  although  there  is  a  department  of 
pedagogy  in  the  University  of  Geneva.  For  most  of  the  teaching 
positions  in  the  secondary  schools  the  majority  of  the  Cantons  de- 
mand that  the  candidate  shall  have  completed  a  university  course, 
or  its  equivalent,  of  four  or  five  years.  Typical  of  such  Cantons  are 
Fribourg  and  Geneva.  Candidates  with  two  years'  training  in  a  uni- 
versity, or  its  equivalent,  can  usually  only  be  appointed  as  teachers 
in  the  lower  classes  of  the  better  schools;  an  exception  requiring  the 
qualifying  word  is  Canton  Vaud.  There  is  a  general  tendency  to 
favor  candidates  who  have  had  technical  training  such  as  a  student 
derives  from  an  assistantsliip  in  the  Polytechnic  School. 

On  the  whole,  liigh  scientific  standards  of  training  are  demanded 
on  the  part  of  secondary  teachers,  but  their  professional  training  is 
almost  entirely  neglected. 
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Subjects  included  in  examination  rccjuirenicnts  for  secondary- 
school  teachers  in  courses  of  the  Polytechnic  School  and  the  Uni- 
versitj'  of  Bern  are  of  the  following  types:  Descriptive  geometry, 
calculus,  analytic  gct)metry  of  three  dimensions,  projective  geometry, 
theory  of  functions.  Fourier's  series  and  integrals,  differential  geom- 
etry, and  theory  of  transformation  groups. 

X\  111.  United  Statts. — Practically  all  of  the  best  secontlary  schools 
require,  as  a  general  thing,  that  a  camlidate  for  a  teaching  position 
shall  be  a  college  graduate.  It  is  usually  unnecessary  to  have  had 
any  courses  in  the  theory  of  education,  or  any  special  work  in  the  sub- 
jects for  which  the  candidate  applies  to  teach,  or  any  professional 
training.  Other  things  being  equal,  candidates  equipped  in  these 
respects  are.  of  course,  more  readily  employed.  wSome  schools  de- 
mand such  preparation,  and  colleges  and  training  schools  in  the 
country  have  maiie  provision  for  meeting  such  demands. 

The  standards  throughout  the  United  States  for  the  training  of 
secondary-school  teachers  appear  to  be  very  similar  to  those  in  Eng- 
land, altliough  tlic  professional  training  is  now,  possibly,  more  insisted 
upon  in  the  latter  country.  As  a  general  thing,  salaries  constitute 
perhaps  the  chief  attraction  to  college-trained  men  to  take  up 
secondarj'-school  work  in  tlie  United  States. 

CONCLUSION. 

In  the  preceding  pages  an  attempt  lias  been  made  to  bring  together 
from  a  very  limited  number  of  sources  facts  concerning  the  develop- 
ment of  the  teacher  of  mathematics  in  the  better  secondary  schools 
of  different  countries.  A  presentation  which  would  be  at  all  adequate 
and  complete  in  its  different  aspects  would  recfuire  for  each  country  a 
volume  based  upon  a  far  wider  range  of  sources  of  information.  Here 
simply  the  descriptions  of  the  few  features  which  hapjien  to  be  dealt 
vriih.  in  available  authorities  arc  epitomized:  there  has  been  no  oppor- 
trmity  for  uniform  treatment.  It  is  therefore  only  in  a  very  general 
way  that  definite  statements  may  be  ma<le  in  comparing  the  methods 
of  different  countries. 

Few  will  deny  that  if  the  secondary  education  in  a  country  is  of  a 
high  order,  and  is  extended  over  a  period  of  seven  or  eight  years,  it 
must  materially  contribute  to  the  training  of  the  pupil  who,  after 
further  development  in  university  or  profes.sional  school,  returns  to 
the  secondary  school  as  teaclier.  It  is  therefore  pertinent  to  inquire, 
"What  period  is  devoted  to  secon<lary  education  in  dilTcrent  countries? 
To  what  extent  is  this  based  upon  work  of  primary  schools?  When 
is  primary  instruction  given  in  secondary  schools?  When  does  the 
pupil  enter  the  university?  Bearing  in  mind  the  types  of  schools 
which  have  been  excluded  from  consideration  in  this  report,  and  the 
fact  that,  in  general,  only  the  better  secondary  schools  (under  Govern- 
101179°  -IS- — 15 
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ment  or  State  control)  leading  directly  or  indirectly  to  a  university 
have  been  considered,  fairly  definite  answers  to  all  of  these  questions 
may  be  found  in  the  accompanying  synoptic  table. 

The  age  there  given  is  the  normal  lower  limit,  and  in  any  one  of 
the  countries  it  is  possible  for  a  pupil  or  student  of  the  given  age  to 
be  at  the  stage  of  scholastic  advancement  indicated.  It  should  not 
])e  inferred,  however,  that  this  rate  of  progress  is  necessarily  charac- 
teristic of  the  country ;  for  example,  in  Japan  the  pupil  just  graduating 
from  the  middle  school  is  usually  nearer  20  than  17  years  of  age;  and 
in  Germany,  while  a  small  percentage  of  students  are  ready  for  a 
university  career  at  17  years  of  age,  more  than  one-half  are  at  least 
19,  and  more  than  one-third  not  less  than  20  years  of  age.  In  the 
following  discussion  I  shall,  however,  use  the  normal  age  given  in 
the  table. 

We  remark  that  in  15  of  the  18  countries  the  normal  age  of  enter- 
ing the  university  is  18  or  19.  These  countries  are:  Austria,  Belgium, 
Denmark,  England,  Finland,  France,  Germany,  Hungary,  Italy, 
Netherlands,  Roumania,  Russia,  Sweden,  ^Switzerland,  and  the 
United  States.  When  the  extent  of  secondary  school  preparation 
for  the  university  is  considered,  we  find  wide  variation  of  custom. 
Australia  and  the  United  States  are  at  the  foot  of  the  list  with  only 
4  years;  but  7  countries  (Austria,  Finland,  Hungary,  Italy,  Japan, 
Romnania,  and  Russia)  devote  8  j^ears,  and  3  countries  (France,  Ger- 
many, Sweden)  9  years  to  secondary  education. 

Since  the  period  of  school  education  leading  to  a  university  in  14  of 
the  countries  is  12  or  13  years,  the  wide  difference  of  views  which  these 
countries  hold  with  respect  to  the  portion  of  this  time  which  should 
be  assigned  to  secondary  education  proper  is  interesting.  On  the 
one  hand,  the  United  States  holds  that  during  8  of  the  years  the 
methods  of  elementary  education  should  be  employed;  while,  on 
the  other  hand,  France  and  Germany  consider  that  best  results  are 
obtained  when  even  the  3  or  4  years  allotted  to  primary  instruction 
are  given  in  connection  with  secondary  schools.  It  is,  then,  not 
surprismg  to  find  that  there  is  great  difference  between  the  scholastic 
equipment  of  students  coming  from  these  two  types  of  school.  The 
graduates  of  the  classe  demathematiciues  specialos  or  of  the  German 
Gymnasium  are  about  on  a  par  with  the  youth  who  has  finished  his 
junior  year  in  one  of  the  better  American  colleges.  And  in  other  coun- 
tries also,  like  Denmark,  Japan,  and  Sweden,  the  graduate  of  a 
higher  secondary  school  has  done  more  or  less  work  whose  equivalent 
is  done  in  colleges  in  the  United  States.  It  is  only  in  the  light  of 
such  considerations  that  the  full  force  of,  say,  Sweden's  requirement 
of  10  or  11  years  of  preparation  before  a  graduate  of  a  gymnasium 
may  return  as  a  regularly  appointed  professor  can  be  adequately 
appreciated. 


SUMMARY    AND   COMPARATIVE    REMARKS.  225 

Afjain,  it  shouKl  l)o  homo  in  mind  that  even  with  courses  of  soc- 
ondary  schools  covering;  the  same  ninnber  of  years  the  content  may 
be  vastly  difToivnt.  Contrast  the  9  years  of  the  Gennan  gymnasium, 
where  19.8  per  cent  of  the  time  is  devoteil  to  mathematics,  sciences, 
and  drawuis:,  and  34.2  jx'r  cent  to  ancient  lanjxna^es,  with  the  9 
years  of  the  Fremli  lyc6e  in  the  science-modern  lanfruaj^e  section 
and  classes  de  math6mati(iue  speciales  with  about  30. S  |)er  cent  of 
its  course  in  mathematics,  science,  and  drawing,  and  no  time  sj)ent 
on  ancient  languages.  Frame  ofTcrs  a  much  more  e.xtensivo  mathe- 
matical course  in  her  secondary  schools  than  does  any  other  country 
in  the  worid. 

Fn>m  such  different  types  of  schools  come  the  future  teachers  of 
mathematics.  I^'t  us  next  consider  in  a  general  way  how  the.se 
teachers  were  prepared  after  leaving  the  secondary  schools.  Broatily 
speaking,  the  training  is  derived  from:  1.  Courses  in  a  miiversity  or 
similar  institution;  II.  Professional  trauung, 

I.  All  the  countries  require  some  university  trauiing  on  the  part 
of  candidates  for  appointment  as  secondary  school  teachers.'  The 
maximum  requirements  are  in  Demnark  and  Netherlands,  each  6 
years,  and  in  Sweden  about  8  years.  On  the  otlier  hand,  for  mmor 
positions  in  the  athen^M's  of  Belgium  and  regular  positions  in  Can- 
ton Vaud,  Switzerland  (where  most  Cantons  require  4  or  5  years), 
only  2  or  2^  years  of  attendance  at  a  university  are  compulsory. 
The  complete  record  is  as  follows:  Australia  (\'ictoria  and  New 
South  Wales),  3  years;  Austria,  3^  to  4;  Belgium,  4  to  5,  2  for 
minor  positions  in  ath^n6es;  Deimiark,  6;  England,  3  to  4;  Finland, 
4  to  5;  France,  not  less  than  3,  in  addition  to  2  years  in  classes  de 
math^matifjues  speciales;  Germany,  3  to  4,  but  rarely  3  and  often  5 
are  taken;  Ilungary,  4;  Italy,  4  or  5:  Japan,  3;  The  Netherlands,  6; 
Roumania,  not  less  than  3;  Russia,  4;  Spaui,  5,  for  lower  positions,  4; 
Sweden,  usually  8;  Switzerland,  4  to  5  years  for  tlie  most  part,  in 
one  or  two  cases  2  to  3;  United  States,  3  to  4. 

Let  us  consider  a  shigle  example,  to  bring  out  more  clearly  the 
implications  of  these  statements.  Shice  the  future  mathematical 
teacher  entering  a  German  university  is  about  on  a  scholastic  par 
with  the  student  who  has  finished  the  junior  year  at  a  college  in  the 
United  States,  we  may  state,  roughly,  that  the  Gennan  teacher  has 
generally  had  at  least  three  years  more  of  scientific  training  than  the 
American  teaclier  in  a  secondary  scliool  has  had. 

II.  In  addition  to  attendance  at  universities,  some  countries 
require  professional  training.  Australia  (Victoria  and  New  South 
Wales),  England  (generally),  FinUmd,  Roumania,  and  some  States 
of  Gennany  each  require  one  year   (it  is  only  in  theory  that  Aus- 

>  As  lar  as  this  statement  conoems  Japan,  reference  is  made  to  the  higher  middle  schools. 
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tria  requires  a  year) ;  other  States  of  Germany  and  Denmark 
require  two  years  each;  in  addition  to  a  j^ear  in  a  Seminar, 
Sweden  requires  two  years  of  probation  as  teacher  before  regular 
appointment  and  in  a  similar  way  Hungary  requires  three;  and 
in  Italy  after  four  years  of  trial  a  teacher  may  be  dropped.  In 
France  the  professional  training  may  possibly  be  estimated  at  half  a 
year.  In  seven  countries  no  professional  training  is  made  compul- 
sory. These  countries  are:  Belgium,  Japan  (m  higher  middle 
schools),  the  Netherlands,  Russia,  Spain,  Switzerland,  and  the 
United  States.'  The  question  of  the  far  greater  eflSciency  of  the 
training  in  some  countries  than  in  others  is  not  taken  up  here. 

When  the  courses  required  for  the  candidates  in  different  countries 
are  considered,  the  unenviable  conclusion  is  reached  that  Australia, 
England,  and  the  United  States  are  largely  in  a  class  by  themselves. 
For  in  these  countries  mathematical  teachers  know  practically 
nothing  of  their  subjects,  as  they  have  had  no  special  mathematical 
training  in  the  universities.  Perhaps  England  is  less  of  an  offender 
on  account  of  the  number  of  trained  specialists  necessary  at  schools 
preparing  for  Scholarship  Examinations.  All  other  countries  re- 
quire of  their  professors  a  more  or  less  broad  scientific  training,  and 
the  minimum  mathematical  requirement  is  a  knowledge  of  the  dif- 
ferential and  integral  calculus.  Most  countries  include  also  among 
their  requirements  differential  equations,  analytic  geometry  of  three 
dimensions,  descriptive  geometry,  projective  geometry,  mechanics, 
and  physics.  A  doctor's  degree  is  required  of  higher  teachers  in 
Belgimn,  Italy,  Netherlands,  Spain,  and  Sweden;  and  the  standard 
for  teachers  in  France  and  Germany  is  certainly  not  below  that  for 
the  degree  of  doctor  in  those  countries  (indeed  much  of  the  training 
for  teacher  and  doctor  is  identical) . 

In  the  American  Report  to  the  International  Commission  on  the 
Teaching  of  Mathematics  on  Training  of  Teachers  of  Elementary  and 
Secondary  Mathematics,  the  following  lines  occur  (p.  13): 

Yet  with  us,  where  the  public  is  now  beginning  to  recognize  that  teaching  is  a  pro- 
fession, a  feeling  which  will  certainly  increase  as  the  years  go  by,  the  time  will  un- 
doubtedly come  when  secondary  teaching  will  be  sufficiently  attractive  financially 
to  enable  us  to  demand  from  the  prospective  teacher  some  such  preparation  as  the 
following:  On  the  side  of  pure  mathematics  we  may  expect  the  calculus,  differential 
equations,  solid  analytic  geometry,  projective  geometry,  theory  of  equations,  theory 
of  functions,  theory  of  curves  and  surfaces,  theory  of  numbers,  and  some  group  theory. 
On  the  applied  side  we  should  demand  a  strong  course  in  mechanics,  theoretical  and 
practical  astronomy,  descriptive  geometry,  and  some  mathematical  physics  with  a 
thorough  course  in  experimental  physics. 

We  have  seen  that  this  ideal  for  the  scientific  training  of  teachers  is 
now  a  matter  of  course  in  a  nmnber  of  countries. 

'  The  occasional  requirements  in  Russia,  Switzerland,  and  the  United  States  are  neglected.  For  most 
of  the  teachers  in  the  middle  schools  of  Japan  a  certain  amount  of  training  is  demanded. 
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On  the  whole,  the  salary,  pension,  social  position,  and  scholastic 
status  of  the  second ary-scht)ol  teacher  in  France  and  Germany  seem 
to  combine  to  give  to  the  profession  an  attractiveness  not  to  bo 
found  in  other  comitries. 

TABLE. 

Ill  this  table  it  should  bo  noted  that:  (1)  The  separation  lines  be- 
tween the  primary  and  secondary  schools  do  not  always  indicate  that 
regular  primary  instruction  ends  there,  but  only  that  portion  of  it 
preparatory*  to  the  secondary  school  in  question;  (2)  live  only,  of  the 
six  years  of  tlie  coui*se  in  the  realskola  of  Sweden,  suffice  as  prepara- 
tion for  a  gymnasium;  and  (3)  some  university  coui-ses  extend  l)e- 
yoncl  the  UmiUi  of  age  in  the  table,  e.  g.,  iii  Belgium  and  m  Japan. 
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APPENDIX  A. 
ENGI^AND. 

CAMBRIDGE   LOCAL   EXAMINATIONS,   SENIOR  STUDENTS. 

December,  1915. 

Geometry. 

(Two  hours.) 

The  ajuicnt  to  qvestiona  marked  A  and  R  are  to  be  arranged  and  sent  up  to  the  examirxfT  in  separatt  bundle*. 
N.  B.—AttftUion  is  called  to  Ike  alternathe  questions  B  ix,  li  x,  li  xi  at  the  end  of  the  paper. 

A. 

A  1.  In  the  triangles  ABC,  DEF.  /LB=IE,  /LC^^F,  and  BC=EF.  Prove  that 
the  triangles  are  congruent. 

Show  that  the  diagonals  of  a  parallelogram  bisect  each  other. 

A  2.  Id  a  triangle  ABC,  AD  is  drawn  perpendicular  to  BC;  show  that,  when  the 
angle  C  is  acute, 

^5»=,4C=+^C»-2BC.  DC. 

Prove  that  the  sum  of  the  squares  on  the  four  sides  of  a  parallelogram  is  equal  to  the 
sum  of  the  squares  on  the  diagonalR. 

K  3.  From  a  f>oint  0  outside  a  circle  two  straight  linos  OPQ,  ORS  are  drawn,  the 
first  cutting  the  circle  at  P  and  Q,  the  second  cutting  the  circle  at  R  and  i*?.     Prov  e  that 

Or.OQ=OR.OS. 

Jn  the  triangle  ABC,  the  angle  ^4  is  a  right  angle.  From  a  point  D  on  BC  a  lino 
DEF  is  drawn  perpendicular  to  BC,  meeting  AC  at  E.  and  BA  produced  at  F.  Show 
that 

DEP^BD  DC-AE.EC. 

A  4.  Inscribe  a  regular  octagon  in  a  circle  of  radius  2  inchee.  Produce  alternate 
side?  of  the  octai,'on.  so  as  to  form  a  square. 

Measure  the  side  of  the  s<iuare. 

Show  clearly  all  Uu  construction  line*  in  your  fifure. 

B. 

B  5.  Show  that  if  a  straight  line  touch  a  circle,  and  from  the  yioint  of  contact  a  chord 
be  drawn  the  angles  which  this  chord  makes  with  the  tang<*nt  are  equal  to  the  angles 
in  the  alternate  segments 

Two  circles  inter8<'ct  at  A  and  B.  At  .1,  tangents  to  the  circles  are  drawn,  meeting 
the  other  circles  at  X  and  F.     Show  that  BA  bisects  the  angle  XB  Y. 

B  6.  Two  irianglee  ABC,  DEF  are  similar  AB  and  DE  being  corresponding  sides. 
Show  that  their  areas  are  in  the  ratio  .\B^  .DE^. 

Through  each  of  two  opposite  corners  of  a  rectangle  peri)endiculartt  are  drawn  to  the 
diagonal  which  joins  the  other  two  comers  Show  that  if  the  three  parts  into  which 
the  diagonal  is  thus  divided  are  equal,  the  squares  on  the  sides  of  the  rectangle  are  in 
the  ratio  2  :  1. 

231 
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B  7.  The  tangents  to  a  circle  at  P  and  Q  meet  in  T.  and  C  is  the  center  of  the  circle. 
TC  meets  the  circle  at  A  and  B,  and  meets  PQ  at  X. 

Show  that  ex.  CT=CA'  and  that  AX  .  XB=TA  :  TB. 

B  8.  Two  circles  (not  in  the  same  plane)  intersect  in  two  points.  Show  how  to 
obtain  the  center  ot  the  sphere  on  which  loth  circles  lie. 

A,  B,  C.  D,  E.  Fa.Te  six  distinct  points  in  space,  such  that  A,  B,  C,  D  lie  on  a  circle, 
C,  D,  E,  F  lie  on  a  circle,  E,  F,  A,  B  lie  on  a  circle,  no  two  of  the  circles  lying  in  the 
same  plane.     Show  that  the  three  circles  lie  on  a  sphere. 

N.  B. — One  or  more  of  the  following  questions  B  ix,  B  x,  B  xi  may  be  taken  instead  of  an  egiial  number  of  the 
questions  B  5,  B  6,  B  7,  B  8,  but  lower  marks  will  be  assigned  to  them. 

B  ix.  Show  that  the  sum  of  the  angles  ot  a  triangle  is  equal  to  two  right  angles. 

ABC  is  an  acute-angled  triangle,  and  0  is  the  center  of  the  circle  which  passes 
through  A.  B,  C.     Show  that  the  angles  OBC  and  BAC  are  complementary. 

B  X.  Illustrate  and  explain  by  means  of  a  figure  the  geometrical  theorem  corre- 
sponding to  the  algebraical  identity 

ABCD  is  a  square;  i)oints  E,  F.  G,  H  are  taken  on  AB.  BC,  CD,  DA  such  that 
AE=BF=CG=DH—\  of  the  side  of  the  square.  Show  that  the  area  of  the  square 
EFGIJ  is  f  of  the  area  of  the  square  ABCD. 

B  xi.  Draw  two  perpendicular  lines  AB,  BC.  Make  AB=\\  inches,  BC—2^ 
inches.  Construct  a  circle  to  pass  through  C  and  to  touch  Ah  at  A.  Measure  the 
radius  of  this  circle. 

Show  clearly  all  the  construction  lines  in  your  figure. 

Algehka. 

(  Two  hours  and  a  half.) 

Squared  paper  and  tables  of  logarithms,  etc.",  can  be  obtained  from  the  presiding  examiner. 
N.  B. — Attention  is  called  to  the  alternative  questions  A,  B,  C  at  the  end  of  the  paper. 


1.  Show  ti.a.jj-j|lj-,-iJ  I  J^,-,)„-^l^+l. 


2.  Find  the  factors  of 

and  show  that  if  a-f6-f r=0, 

3.  Solve  the  equations: 


(i)     d'h-¥+ahc-h''c., 
(ii)     x*-n'^7?+2vhx-b''; 

o?-\-¥-\-c^='iabc. 


(i) 


2     y 


UP==i, 


(ii) 


iz     y 

\{x-2)  (y-3)=3, 

1(1-3)  0/-2)=4. 

4.  A  room  is  such  that  its  length  is  10  feet  more,  and  its  height  13  feet  less,  than  its 
breadth.  If  it  had  been  1  foot  less  each  way,  it  would  have  contained  1,524  cubic  ieet 
less.     Find  its  dimensions. 

5.  Find  by  logarithms  the  value  of  1.  658X(  .0247)^ 

(9.  892)* 
In  what  year  must  £1  have  been  put  out  at  compound  interest  at  5  per  cent  per 
annum  to  amount  to  £100  at  the  end  of  1915? 

6.  Show  how  to  obtain  the  formula  for  the  summation  of  n  terms  of  a  geometric 
progression. 
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If  the  fir!»t  term  is  9  and  tho  ratio  of  the  sum  oi  eipht  tormn  to  the  mim  of  four  terms 
is  97  :  81,  find  tho  seritw. 

7.  If  -I  is  the  arithmetic.  G  the  gooraotric,  //  tho  huruioiiic  muau,  butwueu  two 
numbers,  sliow  that  AII=G^  and  that  A'^G'^II. 

If  A-G^i  I 

find  tho  numbon'. 

8.  Kind  the  condition  that  ax'-\-2bxi-r  has  always  the  same  sign  for  all  real  valuea 
ofr. 

Show  that,  if  3^+px+q=0 

and  r'+qx'+p=0 

have  a  common  root,  either 

p+7=-l  or  ip-qf=-q^{p'-pq+q'). 

9.  Find  the  number  of  different  pairs  (irrespective  of  order)  that  can  be  formwl  with 
2n  things. 

If,  of  14  numbered  cards,  5  are  red,  6  white,  and  3  blue,  find  the  number  of  groups 
of  three,  one  of  each  color,  that  may  be  formed. 

How  many  more  groups  can  be  formed  if  any  two,  but  only  two,  may  bo  of  the  same 
color? 

10.  Enunciate  the  binomial  theorem,  and  write  down  the  middlu  term  in  the 

expansion  of  I  1  —  -.-,  I   . 
Find  the  term  independent  of  t  in  the  expansion  of 

11.  Plot  the  graph 

y=g 2"^~^> — 4from  x=l  tox=7, 

and  find  \U  ijradienta  when  i=2,  when  x=4,  and  when  x—6. 
Draw  the  tangent  at  the  point  (4,  2). 

12.  Plot  the  graph  4y=8+5j—3x'  from  x=—2  to  i=3,  and  show  by  inteirration 

that  the  area  of  the  portion  on  the  positive  aide  of  the  axis  of  i  is  ( V  )^. 

N.  B.— Any  0/  the  folloiring  questions  may  be  taken  instead  of  an  equal  number  o/ the  quetlioiu  i>,'ii,H), II, V2, 
btit  considerably  louer  marks  will  be  asiigned  to  them. 

A.  Solve  the  equation: 

aix+a)    b{x-b) 

—  ft —=a+b. 

B.  .\  cask  is  fille<l  with  wine  and  water  in  the  proportion  of  3  :  1;  4  ijallonsaredrawn 
off.  and  tho  caak  fillp<i  up  with  wator.  If  the  proportion  of  wine  to  water  is  now  3  :  2, 
find  how  many  galloii.s  the  cask  tan  hold. 

C.  Divide  a\b-\-c-^)  +  b\c-*+a)-<r^(a+b)+ab(r^  hy  a+b-<r\ 

Trioo.vometry. 

{One  hour  and  a  half.) 

Squared  paper  and  tables  of  logarithms,  etc.,  can  be  obtained  from  the  presiding  examiner. 
N.  B. — Attention  is  called  to  the  aUernative  questions  \,  \i  at  the  end  of  tht  paper. 

1.  (a)  Find  to  the  nearest  minute  the  angle  which  an  arc  of  length  4  inches  subtends 
at  the  center  of  a  circle  whose  radius  is  5  inches. 
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(6)  Find  by  drawing  and  measurement  the  least  positive  angle  whose  tangent  i8 
—  1.2;  and  calculate  the  cosine  of  this  angle,  correct  to  three  significant  figures. 

(c)  The  length  of  the  slant  side  of  a  cone  is  4.3  inches,  and  the  angle  at  the  vertex  is 
115°.     Calculate  the  height  of  the  cone  correct  to  a  tenth  of  an  inch. 

2.  Determine,  by  drawing  the  graph  of  sin  a;+2cos  x  for  values  of  x  between  0°  and 
45°,  the  value  of  x  between  these  limits  for  which  sin  a;+2cos  a;  is  a  maximum, 

3.  Prove  that 

(a)  cos^-cos5=-2sin— ^  ^^"  ^ — 

(6)  cos  <^A-B)  [1+sin  (.4+5)]=(sin  ^+  cos  B)  (cos  .4+sin  B). 

4.  Find  the  length  of  the  side  AB  of  the  triangle  ABC,  given  that 

£C=23.4  inches,     Z^5C=42°,     ZACB=Q7°. 

5.  An  airship  is  sighted  at  the  same  time  from  two  points  A  and  B  at  the  same  level 
1  mile  apart.  It  is  due  south  of  A  at  an  elevation  of  34°  and  due  east  of  B  at  an  elevation 
of  23°.     Calculate  its  height  in  feet. 

6.  (a)  Writedown  all  the  cube  roots  of  cos  6-\-\l—l  sin  d. 
(b)  Separate  into  real  and  imaginary  parts  the  expression 

1+V^  . 
(1+V^)* 

7.  (a)  Express  tan  (^1+^2+^3+^4+^5)  ^^  terms  of  tan  5,,  tan  ^o,  tan^3,  tan  04,tan  6^. 
(b)  Prove  that,  if  tan  a,  tan  /3,  tan  7  are  the  roots  of  the  equation  3^+ax^-{-x-\-b—0, 

where  a,  b  are  unequal,  then  a+^+y  is  an  odd  number  of  right  angles. 

N.  B.— Either  of  the  following  questions  may  be  taken  instead  of  either  of  the  questions  6,  7,  or  both  may  be  taken 
instead  of  the  two  questions  6,  7,  but  considerably  lower  marks  will  be  assigned  to  them. 

A.  A  is  the  foot  of  a  flagstaff  AB,  and  C  is  a  point  on  it  such  that  AC—IAB.  If  the 
flagstaff  subtends  an  angle  of  48°  at  a  point  X  on  the  ground,  calculate  the  value  of 
tan  BXC. 

B.  (a)  Find  all  the  solutions  of  the  equation  sin  30+coa  0=0. 

a 

(6)  Prove  that  coty  — cote  =cosec  fl. 

1  Analytic  Geometry  and  Calculus. 

i  ■ 

( Two  hours.) 
r        '.  •'     ■  analytic   geometry. 

/         Tables  of  logarithms,  etc. ,  may  be  obtained  from  the  presiding  examiner. 

1.  The  corners  of  a  triangle  are  the  points  (2,  3),  (3,  8),  (  —  1,  5).  Find  the  tangent 
of  the  angle  at  (2,  3). 

2.  Find  the  equation  of  the  two  bisectors  of  the  angles  formed  by  the  two  straight 
hues  ax'^-\-2hxy-\-by'^=0. 

The  straight  line  Zx-\-2y=l  meets  the  circle  a;^4-«/^=8  in  two  points  P  and  Q.  Find 
the  equation  of  the  straight  lines  joining  P  and  Q  to  the  origin. 

3.  Obtain  an  expression  for  the  length  of  the  tangent  from  the  point  {x/ ,  y^)  to  the 
circle  x'^+y'^+2gx-\-2fy+c=Q. 

A  point  P  moves  so  that  the  tangents  from  it  to  the  two  circles 

a;^-{-y^=4 
and  a;2+?/2+6x-8i/+3=0 

are  in  the  ratio  3  :  2.     Find  the  equation  of  the  locus  of  P. 

4.  Find  the  equation  of  the  polar  of  the  point  {x' ,  y')  with  respect  to  the  parabola 
y^=4aa;. 

P  is  a  variable  point  on  any  fixed  line  at  right  angles  to  the  axis  of  the  parabola. 
From  P  a  perpendicular  is  drawn  to  its  polar,  meeting  it  in  Q.  Prove  that  the  locus 
of  Q  is  a  circle  with  its  center  at  the  focua. 
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5.  Find  the  condition  that  thi«  line  y=inx+c  may  be  (i)  a  tangent,  (ii)  a  normal  to 
the  ellipse 

If  thi'  tantrent  and  normal  at  any  jioint  1'  ol  the  ellipse  met't  the  major  axis  in  7 and 
T,  so  that  T'F=a,  prove  that  the  eccentric  angle,  «/>.  of  I',  in  given  by  the  equation 

e*  cos*  ^4-co8  0  —  1  =0, 
where  e  is  the  eccentricity, 

CALCULUS. 

6.  Obtain  the  values  of 

d-ix 


d  r     dx  fi 


dx 
Prove  that  (/=.l  cos  '2x+B  sin  2x+(.'e*  satisfies  the  differential  equation 

g-g+.|-.>,=0. 

7.  A  hollow  cone,  of  height  20  inches  and  radius  at  the  ba?o  10  inches,  i."  invorted, 
and  water  is  poured  into  it  at  the  rate  of  12  cul)ic  inches  per  second.  At  what  rate  is 
the  area  of  the  water-surface  increasing  when  the  depth  of  the  water  in  the  cone  is 
15  inches? 

S.  A  circle  of  radius  6  inches  is  divided  into  two  segment'*  by  a  chord  at  a  distance 
of  1  inch  from  the  center.  Prove  that  the  rectangle  of  greatest  area  which  can  bo 
inscribed  in  the  smaller  eegnient  has  an  area  of  27.8  square  inches  approximately. 

9.  The  curve  y=r'  meets  the  line  y=4x  in  three  points.  Find  the  coordinates  of 
these  points  and  obtain  the  equation  of  the  normal  to  the  curve  at  each  of  thom. 

If  /*  is  the  one  whose  abscissa  is  greatest,  find  the  area  contained  by  the  y-axis,  the 
normal  at  I',  and  the  curve  from  the  origin  to  /'. 

Applied  Mathematics. 

(  Tvo  hovrt.) 

Squared  paper  and  tabUs  oflogarithrm,  etc.,  can  he  obtained  from  the  pre»idirig  examiner. 
The  acceleration  d\u  to  ffravit^  maj/  be  taken  at  St  foot-tecond  unit*. 

1.  Three  forces  of  30  poimds,  50  pounds,  90  pounds  act  at  a  point,  the  angle  between 
the  directions  of  any  two  forces  being  120°.  Find  the  magnitude  of  their  resultant, 
and  the  angle  which  its  direction  makes  with  the  greatest  force. 

2.  Prove  that  the  algebraic  sum  of  the  moments  of  two  concurrent  forces  about  any 
point  in  their  plane  is  equal  to  the  moment  of  their  resultant  about  the  same  point. 

Forces  2P.  P,  I'  act  along  BC,  CA,  AB,  th*'  sides  of  an  equilateral  trianijlo  ABC. 
Show  that  the  resultant  is  a  force  P  parallel  to  BC  and  at  a  distance  from  it,  on  the 
aide  remote  from  A,  equal  to  the  height  of  the  triangle. 

3.  Two  light  rods  AC  (2  feet  long),  BC  (3  feet  long)  are  hinged  to  one  another  at  C 
and  to  fixed  points  at  A  and  B,  the  plane  of  the  rods  being  vertical.  The  horizontal 
distance  between  .1  and  fi  is  4  feet,  and  Aial  foot  higher  than  B,  and  C  is  above  AB. 
From  C  is  suspended  a  weight  of  10  pounds.  Find  by  graphical  construction  or  other- 
wise the  thrust"  in  the  rods. 

4.  A  body  is  placed  on  a  ro\igh  plane  inclined  to  the  horizontal  at  an  anu'Ie  o.  Show 
that  it  can  remain  in  equilibrium  if  the  coefficient  of  friction  is  greater  than  tan  a. 

A  circular  hoop  of  weight  ir  hangs  in  a  vertical  plane  over  a  rough  peg.  Prove  that 
the  greatest  weight  which  can  be  8usp>ended  tangentially  from  the  rim  of  the  hoop 

without  causing  the  latter  to  slip  is  J'  1-3—= —  .  where  e  is  the  angle  of  friction. 
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5.  A  steamer  is  moving  along  a  narrow  canal  when  a  man  steps  ashore  after  walking 
across  the  deck  in  a  line  making  an  angle  of  60°  with  the  line  from  stern  to  bow.     He 
finds  himself  25  feet  farther  along  the  canal  than  if  he  had  stepped  off  on  the  other- 
side  before  walking  across.     If  the  vessel  is  moving  at  2  miles  per  hour  and  the  deck 
is  25  feet  wide,  how  fast  did  the  nian  walk? 

6.  Prove  the  formula  s=ul-\-hffi. 

A  mass  of  35  pounds  is  palled  up  a  rough  plane  of  inclination  1  in  16  by  arope  parallel 
to  the  plane  whose  tension  is  150  poundals.  If  the  resistance  due  to  friction  is  12 
poundals,  find  the  velocity  acquired  by  the  mass  in  10  seconds. 

7.  A  body  is  projected  with  velocity  Fin  a  direction  making  an  angle  a  wdth  the 
horizontal.     Find  the  greatest  height  that  it  reaches  and  its  horizontal  range. 

Find,  in  foot-pounds,  the  least  energy  of  projection  which  must  be  given  to  a  ball 
of  3  ounces  in  order  that  it  may  have  a  horizontal  range  of  300  yards. 

8.  A  particle  moves  in  a  straight  line  with  an  acceleration  directed  toward  a  fixed 
point  in  the  line  and  equal  to  ix  times  the  distance  of  the  particle  from  the  point. 
Show  that  the  motion  is  periodic,  with  period  2ir/-iJ  n. 

OXFORD  AND  CAMBRIDGE  SCHOOLS  EXAMINATION  BOARD. 

EXAMINATION  FOR  SCHOOL  CERTIFICATES. 
July,  1910. 
Arithmetic. 

(  Two  hours.) 

1.  Find  the  number  nearest  to  9,999  that  can  be  divided  exactly  by  3,  4,  5,  7. 

2.  Simplify  §  (1|  -  i  -^  i)  +  *  (i  -  f  of  1|). 

Divide  .003125  by  .02048,  obtaining  the  answer  correct  to  three  decimal  places. 

3.  P'ind  the  cost  of  3  tons  7  cwt.  2  qrs.  11  lb.  at  £4  8s.  8d.  per  cwt. 

4.  If  it  costs  6  dollars  30  cents  to  carry  4^  cwt.  a  distance  of  500  miles,  find,  to  the 
nearest  cent,  the  cost  of  carrying  8  cwt.  360  miles. 

5.  A  bankrupt  owes  £6,000.  He  pays  128.  Q^d.  in  the  £,  and  defrauds  his  creditors 
by  concealing  1%  ot  his  assets.     Find  the  value  of  his  estate. 

6.  Find  to  the  nearest  penny,  the  compound  interest  on  £2,525  at  2J  per  cent 
per  annum  for  four  years. 

7.  A  square  field  contains  2  acres  3  roods,  and  is  to  be  fenced  with  hurdles  6  feet 
in  length.  What  is  the  smallest  number  of  hurdles  that  can  be  used  for  each  side 
of  the  field? 

8.  A  rectangular  tank  is  35  cms.  deep,  62  cms.  long,  and  27  cms.  wide.  If  the  tank 
is  filled  with  water,  how  many  times  could  a  bucket  holding  8.5  liters  be  filled  from 
it,  and  what  would  remain  over? 

9.  A  man  buys  oranges  at  5s.  a  hundred  and  sells  them  at  8d.  a  dozen.  What  is 
his  gain  or  loss  per  cent? 

10.  A  man  wishes  to  obtain  £1,000  by  selling  2§  per  cent  consols  at  82^.  What 
amount  of  stock  must  he  sell,  and  what  would  be  the  quarterly  income  derived  from  it? 
(Answers  correct  to  the  nearest  penny.) 

Algebra. 

( Two  hours.) 

Note. — (1)  In  order  to  pass  in  elementary  mathematics  candidates  must  satisfy  the  examiners  in  Part  I. 

(2)  In  order  to  pass  in  additional  mathematics  candidates  mu^t  satisfy  the  examiners  in  Parts  I  and  II  taken 
together. 

(3)  Candidates  for  exemption  from  the  army  qualifying  examination  must  satisfy  the  examiners  in  Parts  I 
and  II,  taken  together,  and  should  not  attempt  the  questions  A,  B,  C,  D. 
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Part  I. 

1.  If  a  =  2.  6  =  -  3.  c  =  0.  rf  =  J,  liiid  the  value  of 

(2a  +  b)(e  +  4d) 

^-5 +"'• 

2.  Find  the  continued  pro<hift  oi  b  -  r,  c  —  a,  n  -  b. 
Divide  4x*  -  9x»  +  Sr  -  1  by  2j^  +  3.r  -  1. 

3.  Simplify: 


<»xii  i'+i- 

1"  +  X  -2* 

a       b 

,„,  6       a    ^a  +  h 
<2)a3      b^-^n.h' 

b      a        b'^  i 

4.  Prove  that  the  L.  C.  M.  of  two  quantities  is  equal  to  their  product  divided  by 
their  H.  C.  F. 

Find  the  H.  C.  F.  of 

r'  +  x*  +  i'  +  x^  +  x  +  \&ndx^  +  x^-x  +  2. 

5.  Solve  the  equations: 

(1)  H^:  -  2)  -  ?  (J  +  2)  =  I  (X  -  6)  +  jir, 

,2,  ^='-±i. 

6.  The  difference  of  two  fractions,  one  (the  preater)  formed  by  adding  a  certain 
number  to  both  the  numerator  and  the  denominator  of  5,  the  other  (the  lesser)  formed 
by  subtracting  this  number  from  both  the  numerator  and  the  denominator  of  |,  is  J. 
Find  the  number. 

ThtfoUouring  qufstiont,  A  B,  C,  D  ar<  to  b<  attemptrd  only  by  candidatet  who  do  woi  attempt  1'abt  II. 

A.  Factorize: 

(1)  6x»  +  1  -  12: 

(2)  a»  +  6-  -  c^  -  2ab. 

B.  Solve  the  equations: 

ax  —  by  =  a}  -^r  b^,  X  -^  y  =  2a. 

C.  Show  that  the  sum  of  the  squares  of  three  consecutive  integers  is  greater  by  5 
than  3  times  the  pnKlurt  of  the  preatest  and  the  lea."!. 

D.  Solve  graphically  the  equations: 

^x+iy  =  1.2.      Ax  =  by. 
[Take  1  inch  as  your  unit.] 

Part  II. 

7.  Solve  the  equations: 

y2  =  .5x  4-  1,     .\x  =  2y  -\-  1. 

8.  If — i—^=—L — ;-,  prove  that  ,=t- 

a  —  b    c  —  a  b    d 

lia,  b,  c  axe  In  continued  proportion,  prove  that 

a  —  b     / «  \i 


6 


-:=(?/ 
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9.  Find  the  value  of 

(34.97) -3  -=-  (1.087-2. 

Obtain  a  formula  for  the  sum  of  27  terms  of  the  series 

1  +  -9  +  .81  +  .729  +  .6561  +  ..., 

and  show  that  the  sum  is  very  nearly  9.42. 

10.  Draw  the  graphs  of  2?/  —  .t  =  3,  y  =  3  —  x^  for  values  of  x  lying  between 
—  1  and  4. 

Find  their  gradients  when  x  =  1,  and  show  that  the  Lines  cut  at  right  angles  at  the 
point  (1,  2). 

Geomf.try. 
(  Two  hours.) 

Note.— (1)  In  order  to  pass  in  elementary  mathematics,  candidates  must  satisfy  the  examiners  in  a. 

(2)  In  order  to  pass  in  additional  mathematics  or  to  obtain  exemption  from  the  army  qualifying  examination, 
candidates  must  satisfy  the  examiners  in  a  and  0  taken  together. 

(3)  Figures  should  be  drawn  accurately  with  a  hard  pencil,  and  all  "constructions"  clearly  shown. 

a 

1.  Draw  a  triangle  .45C having  BC=S  in.,  ^^C=32°,  and  ACB=105°.  Construct 
the  bisector  of  the  angle  BAC  meeting  BC  in  D.     Measure  BD. 

2.  Draw  a  circle  of  radius  1  inch  and  take  a  point  P  2.5  inches  from  its  center. 
Construct  a  circle  of  radius  1.3  inches  to  touch  the  former  circle  and  also  pass  through  P. 

3.  If  two  triangles  have  two  sides  of  the  one  equal  to  two  sides  of  the  other,  and  also 
the  angles  contained  by  those  sides  equal,  prove  that  the  triangles  are  congruent. 

If  the  sides  AB,  ^  C  of  a  triangle  are  equal,  and  equal  lengths  AE,  AD  are  cut  off  on 
AB,  AC,  prove  that  CE,  BD  are  equal. 

4.  State  an  axiom  relating  to  parallel  straight  lines,  and  use  it  to  prove  that  when  a 
straight  line  crosses  two  parallel  straight  lines  it  makes  alternate  angles  equal. 

Prove  that  the  opposite  angles  of  a  parallelogram  are  equal  to  one  another. 

5.  Prove  that  the  square  on  a  side  of  a  triangle  opposite  to  an  obtuse  angle  is  greater 
than  the  sum  of  the  squares  on  the  other  two  sides  by  twice  the  rectangle  contained  by 
one  of  these  two  sides  and  the  projection  on  it  of  the  other. 

6.  Prove  that  the  opposite  angles  of  any  quadrilateral  inscribed  in  a  circle  are 
supplementary. 

Two  circles  intersect  in  A,  B.  C,  D  are  any  two  points  on  one  circle  and  CA,  DB 
cut  the  other  circle  in  P,  Q,  respectively.     Prove  that  PQ  is  parallel  to  CD. 

7.  Prove  that  the  tangent  at  any  point  of  a  circle  and  the  radius  through  the  point 
are  perpendicular  to  one  another. 

Two  circles  whose  centers  are  A  and  B  touch  externally  at  C.     The  common  tangent 
at  C  meets  another  common  tangent  in  D.     Prove  that  ADB  is  a  right  angle. 
.     8.  Construct  a  mean  proportional  to  two  given  straight  lines,  and  prove  the  con- 
struction. 

ABCD  is  a  rectangle  such  that  the  square  on  AD  is  twice  the  square  on  AB.  BE 
is  drawn  at  right  angles  to  ^C  to  meet  .ICin  E.     Prove  that  .4itJ  is  one-third  of  .4 C. 

9.  If  two  triangles  have  one  angle  of  the  one  equal  to  one  angle  of  the  other  and  the 
sides  about  these  equal  angles  proportional,  prove  that  the  triangles  are  similar. 

10.  Draw  a  straight  line  5  inches  long  and  divide  it  into  three  parte  proportional  to 
37  ;  46  ;  53. 
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Ei.EMKNTAIlV    TnU  0\<>  \1 1"  I  l< Y. 
(  Tuo  hours.) 

1    Ppfino  tho  tantront  of  an  ancle. 

Construct  an  a'  utc  anijli-  wlios"  sint*  i«  .6.  and  Prd  iti"  roeino  and  it5  cotangent. 

2.  Prov.'  that  co«  (180° -a )=  -cos  a. 

Arrange  the  angles  q.  ().  •>  in  order  of  magnitude,  if 

sin  a  =  .S211.  cos /3=.7738.  tan  7= -0.0101, 

the  angles  being  positive  and  each  \i'Sf  than  1S0°. 

3.  \\  hat  is  the  k^ngth  of  the  shadow  of  a  man  5  ft.  8  in.  high  cast  by  the  fun  when  it.s 
altitude  is  5')°  30'  ? 

4.  Praw  the  graph  of  10+10  coe  2z  for  vahios  ofa  betwc'>n  0°  and  G0°.  I'lud  a  value 
of  1  to  satisfy  the  equation 

1=10+10  coe2x°. 

(Take  one-tenth  of  an  inch  as  unit  along  both  axes. J 

6.  Pn)ve  that  in  any  triangle 

Bin  yl_8in  B 
a  b 

If  A=(^?,°.  B=49°,  <j=50  in.,  find  b  to  the  nearest  tenth  of  an  inch. 

6.  Prove  that: 

casfl-l-sin  fl  ,  cosff— sin  tf  2 

^'  cosff  — sine    cos  tf+sinff     1  — 2sin'e' 

(2)  (sectf+tan  e)  (cosec  fl— coi  9)=(co8ec  e+1)  (secfl  — 1). 

7.  If  2  sin  e+5  cos  ^=5,  prove  that 

tan  e=0  or  ?f . 

8.  Prove  that  sin  ( A  —  B)=sin  A  C(>8  .6  — coeyl  sin  B,  where  A  and  B  are  both  acute 

angles  and  A  ie  greater  than  B. 

_.         ^,    ,  sin  5.4 -f  sin  .4     ,,„        „. 
Prove  that  --— s-.  -    •      ,  =  1  f2  cos  2.4- 
sin  3.4  —sin  .4 

9.  Show  that  in  any  triangle  ABC 

b±r^ cos  A  (B-C) 
a   ~      sin  J.4 

If  6  +  r=2».8  cm.,  n=11.8D  cm..  A  =  :V.i°,  find  B  and  r. 

10.  A  lighthouse  is  observed  from  a  ship  which  ifc  Hteaming  due  N.  to  bear  fi2°  W.  of 
N.,  after  the  ship  ha«  sailed  10  miles,  the  lighthouse  is  observed  to  bear  (0°  \V.  of  S. 
Calculate  the  distance  of  the  «liip  from  the  lighthouse  when  it  was  nearest  to  it. 

Statics  .^.nd  Dynamics. 

(  Tiro  and  a  hal/houri.) 
[Atsumt  g—ZI for  foot-stctmd  uniu.] 

1.  State  nnd  prove  the  triangle  of  forces. 

Find  graphically,  or  ofhf'rwi'v.  the  re.sidtant  of  the  followincr  forces  acting  at  a  point 
viz,  5  lb  due  X.,  10  It)  30°  S.  of  W..  V^  lb.  r,0°  \.  of  E.  VI  1).  SK.  (ircale  I  cm. 
to  lib.) 

2.  A  form  10  ft.  long  weighs  2  stone,  its  legs  are  1  ft.  from  each  end.  A  boy  weighing 
8  stone  sit?  2  ft.  from  one  end.  another  weighing  7  stone  sita  3  ft.  from  the  other  end. 
Find  the  pressures  of  the  legs  of  the  form  on  the  ground. 

101179°— IS 16 
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3.  Prove  that,  if  tliree  coplanar  forces  which  are  not  parallel  are  in  equilibrium, 
their  lines  of  action  meet  in  a  point. 

A  stiff  light  rod  ABC,  bent  so  that  ABCia  a  right  angle  and  pivoted  to  a  fixed  point 
at  A,  has  a  weight  of  12  lb.  attached  to  it  at  C  and  is  maintained  with  AB  vertical 
and  BC  horizontal  by  a  horizontal  string  attached  at  C.  If  the  tension  of  the  string 
is  equal  to  the  weight  of  8  lb.  and  5 C  is  4  in.,  prove  that  AB  is  6  in. 

4.  0  is  the  center  of  a  rectangular  piece  of  cardboard  .J.5Ci);  the  piece  AOB  is  cut 
out  and  then  fitted  to  and  gummed  on  to  DC  so  that  AB  lies  along  DC.  Find  the 
center  of  gravity  of  the  cardboard  in  its  new  form. 

5.  A  mass  of  14  lb.  rests  on  a  rough  plane  inclined  at  30°  to  the  horizon.  If  the  coeffi- 
cient of  friction  is  .8,  find  the  least  force  which,  acting  directly  down  the  plane,  will 
just  move  the  mass. 

6.  Prove  the  formula  v^=2fs  for  uniformly  accelerated  motion. 

A  point  moving  in  a  straight  line  with  uniform  retardation  describes  7  ft.  in  the 
fifth  second  of  its  motion  and  5  ft.  in  the  seventh  second.  Prove  tliat  it  will  be  at 
rest  at  the  end  of  IH  seconds. 

7.  Define/orce  and  show  how  it  is  measured. 

Find  (1)  in  poundals,  (2)  in  pounds'  weight  the  force  which  will  bring  to  rest  in  8 
seconds  a  mass  of  3  lb.  moving  at  the  rate  of  a  mile  a  minute. 

8.  Explain  the  meaning  of  the  terms  work,  energy,  and  power. 

Find  the  number  of  foot-pounds  of  work  done  by  a  man  who  picks  up  a  stone 
weighing  half  a  pound  and  throws  it  through  a  window  20  ft.  above  the  ground  so 
that  it  passes  through  the  window  with  a  velocity  of  8  ft.  per  second. 

9.  A  bullet  is  fired  with  a  velocity  whose  horizontal  and  vertical  components  are 
200  ft.  per  second  and  40  ft.  per  second,  respectively.  Find  the  greatest  height  to 
which  it  will  rise  and  its  distance  from  the  firing  point  when  it  reaches  the  ground 
again. 

Trigonometry,  Statics  and  Dynamics. 

(mathematics  I.) 

i  Three  hours.) 
[A  ssu  m  e  g=S2  for  foot-second  units."]     - 

1.  Draw  the  graph  of  5  cos  x  for  values  of  x.  from  0°  to  60°;  and  employ  it  to  find  the 
angle  whose  cosine  is  .8. 

2.  Prove  that  sinM=l  — cos'^J.. 
Prove  that 

(sin^+sinjB)  (cos5-cos^)=  sm{A-B)  [l-coa{A+B)]. 

3.  Show  that  in  any  triangle: 

(1)  b=c  cos  A-{-a  cos  C; 

(2)  tanM=V^^^=^^^- 

If  6=60  ft.,  c=72  ft.,  5=52°,  find  the  possible  values  of  C. 

4.  Two  men  at  A  and  B  observe  a  balloon  situated  at  a  point  vertically  above  the 
Une  AB  (which  is  horizontal)  and  between  A  and  B;  the  angles  of  elevation  of  the 
balloon  are  observed  to  be  68°  12'  and  78°  41',  and  the  distance  AB  is  240  ft.  Show 
that  the  height  of  the  balloon  is  nearly  400  ft. 

5.  State  and  prove  the  triangle  of  forces. 

Find  graphically,  or  otherwise,  the  resultant  of  the  following  forces  acting  at  a 
point,  viz,  5  lb.  due  N.,  10  lb.  30°  S.  of  W.,  15  lb.  60°  N.  of  E.,  12  lb.  SE.  (Scale  1 
em.  to  1  lb.) 

6.  A  form,  10  ft.  long,  weighs  2  stone;  its  legs  are  1  ft.  from  each  end ;  a  boy  weighing 
8  stone  sits  2  ft.  from  one  end,  another  weighing  7  stone  sits  3  ft.  from  the  other  end. 
Find  the  pressures  of  the  legs  of  the  form  on  the  ground. 
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7.  Provo  that  if  three  coplanar  forces,  which  are  not  parallel,  are  in  equilibrium 
their  linos  of  action  meet  in  a  point. 

A  stiff  light  rod  AB(\  bent  so  that  ABC  is  a  right  angle  and  pivoted  to  a  fixed 
point  at  A,  has  a  weight  of  12  lb.  attached  to  it  at  Cand  is  maintained  with  Ali  ver- 
tical and  BC  horizontal  by  a  horizontal  string  attached  at  C  If  the  tension  of  the 
string  is  equal  to  the  wei-jht  of  8  lb.  and  BC  is  1  in.,  pmve  that  AB  is  G  in. 

8.  A  ma-ss  of  14  lb.  rests  on  a  rough  plane  inclined  at  30°  to  the  horizon.  If  the 
coefficient  of  friction  is  .8,  find  the  least  force  which,  acting  directly  down  the  plane, 
will  just  move  the  ma^. 

9.  Prove  the  formula  v^=2fs  for  uniformly  accelerated  motion. 

A  point  moving  in  a  straight  line  with  uniform  retiirdation  de.'^cribes  7  ft.  in  the 
fifth  second  of  ita  motion  and  5  ft.  in  the  seventh  second.  Prove  tliat  it  will  be  at 
rest  at  the  end  of  llj  seconds. 

10.  Define  force  and  show  how  it  i.s  measured. 

Find  (11  in  poundals,  [2)  in  pounds'  weight  the  force  which  will  bring  to  rest  in  8 
seconds  a  mass  of  3  lb.  moving  at  the  rate  of  a  mile  a  minute. 

11.  A  body  is  attached  to  a  fixed  point  by  a  string.  If  the  body  is  let  go  when  the 
string  is  taut  and  horizontal,  prove  that  when  the  body  is  passing  through  its  lowest 
position  the  tension  of  the  string  is  three  times  the  weight  of  the  body. 

Arithmetic.  Algebii.^.,  Geometry,  and  Geometrical  Drawing. 

(mathematics  I.) 
(  ThTffhoun.) 

1.  Three  bells  be^in  tolling  toijether  at  the  rates  of  .50,  .55,  and  G5  times  per  minute, 
re.«pt'ctively.     How  j^oon  will  they  next  toll  together? 

2.  IIa\ing  given  that  1  cubic  centimeter  of  water  weighs  1  gram,  that 

1  kilogram=2.2046  lbs. 
and  1  foot=30.4S  cms., 
find  the  weight  of  1  cubic  foot  of  water  to  thf  nearest  ounce. 

3.  Solve  the  equations: 

(1)  (i»-l)  {x+2)=T>; 

(2)  x-y=n, 

r*— aj:+''.'/=0. 

4.  Interpret  the  expressions  ai,  a"',  and  justify  your  interpretation. 
Simplify  Va"*6*ci-»-(a-'6-'cl)  » 

5.  Find  the  sum  of  7i  terms  of  an  arithmetic  progression,  whose  first  term  and  eom- 
mon  difference  are  given. 

Prove  that,  if  n  Ls  an  o<ld  number,  the  .«iini  of  n  terms  of  the  progression  lt  /i  uuie.i 
the  middle  term. 
Find  the  fifth  term  and  the  sum  of  5  terms  of  the  progression 

vT+1.  1,  V2'-i  ...  . 

6.  Draw  the  graphs  of  the  equations 

x+y=\.    v(l-a-)==l 
for  the  values  of  x  between  —  2  and  3. 

Show  that  the  second  curve  has  equal  gradients  at  the  two  point''  where  it  is  cut 
by  the  first. 

7.  Prove  that  the  opposite  angles  of  any  qua<Jrilateral  inscribed  in  a  circle  are  sup. 
piemen  tan.'. 

Two  circles  intersect  in  A,  B.  C,  D  are  any  two  points  on  one  circle  and  CA,  DB 
cut  the  other  circle  in  P,  Q,  respectively.     Prove  that  I'Q  is  parallel  to  CD. 

8.  Construct  a  mean  proportional  to  two  given  straight  lines  and  prove  the  con- 
struction. 
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ABCD  is  a  rectangle  such  that  the  square  on  AD  is  twice  the  square  on  AB. 
BE  is  drawn  at  right  angles  to  AC  to  meet  ACin  E.     Prove  that  AE  is  one-third  of  A C. 

9.  If  two  triangles  have  one  angle  of  the  one  equal  to  one  angle  of  the  other  and  the 
sides  about  these  equal  angles  proportional,  prove  that  the  triangles  are  similar. 

10.  Draw  a  straight  line  5  inches  long  and  divide  it  into  three  parts  proportional  to 
37:46:53. 

UNIVERSITY  OF  LONDON. 

MATRICULATION  EXAMINATIONS,  JANUARY,  1916. 

Arithmetic  and  Algebra. 

Tuesday,  January  11 — Morning,  10  to  1, 

1.  Find  X  from  the  equation 

a;= 635- 1540  X(.  642)2. 

If  .642  denotes  a  number  lying  between  .6415  and  .6425,  what  are  the  extreme 
values  of  xl    Give  all  the  required  values  of  x  to  three  significant  figures. 

2.  A  consumer  receives  notice  at  the  end  of  a  quarter  that  the  charge  per  unit  of 
electricity  supplied  is  to  be  raised  p  per  cent.  In  the  next  quarter  he  succeeds  in 
reducing  the  number  of  units  consumed  by  q  per  cent.  Give  a  formula  for  the  per- 
centage increase  in  the  bill  for  the  quarter. 

If  p=10,  and  the  bill  is  decreased  by  6^  per  cent,  find  q. 

3.  There  are  two  kinds  of  floorcloth  of  the  same  pattern,  one  27  inches  wide 
costing  2s.  6d.  per  yard  length,  the  other  45  inches  wade  costing  7s.  6d.  per  yard  length. 
A  lady  requires  24  square  yards  of  floorcloth  altogether  and  buys  as  much  as  she  can 
of  the  wider  kind,  but  is  determined  not  to  spend  more  than  £5.  What  length  of  the 
wider  kind  will  she  be  able  to  buy? 

4.  Resolve  into  factors 

(i)  x'^-2x-f-+2y. 
(ii)  a--a6-3a+26+2, 
and  simplify  the  expression 

a*-3(a-l)*-l-3(a-2)*-(a-3)«. 

ay-f-l  a6+l  ,  ,     ac+1  .  .  ,  -, 

5.  Ifx=-^T^>       2/=~TTrr'       and  o=  -i.'   express  x  in  terms  of  a  and  c,  and 

check  the  result  by  putting  c  equal  to  unity. 

6.  Solve  the  equations 


\ 


(ii)     (z-3)(a:-4)=(2/-2)(?/-6) 
x+2/=9 

7.  (i)  If  3a;2+122:?/+8t^24-12a;-10i/-63=0,  find?/ whena:=7. 

(ii)  Find  the  values  of—- 7===  each  correct  to  three  significant  figures. 

63  ±v  3957 

8.  Draw  graphs  of  the  equations 

(i)    ^/=27-10x-|-I^ 
(ii)  y=\2x-29-x^. 

For  what  values  of  x  is  2'J-iQx-\-x-  less  than  12a;- 29 -a;^? 
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9.  A  sum  of  £1.000  is  set  aside  at  the  eiui  of  ea«h  year  and  invested  at  '>  i>er  cent 
compound  interest.  Find  approximately  the  total  sum  a<cuinulate(I  at  the  end  of 
19  years,  including  the  £1,000  set  aside  at  the  end  of  the  uinetoenth  year. 

[Use  which  you  require  of  the  following: 

(1.05)"'=2.40GG19     (I.05)'»=2.526950     (1.05)"'=2.653298  ] 

10.  -4  and  B  could  between  them  typo  4.500  papes  of  manuscript  in  100  working 
hours,  and  undertook  to  do  so.  After  3G  working  hours  li  was  replaced  by  C,  and  the 
first  half  of  the  task  was  completed  in  54  working  hours  from  the  start.  After  SO 
working  hours  from  the  start  h  returned,  and  all  thnn?  just  finished  the  task  in  time. 
Find  the  average  number  of  pages  typed  in  an  hour  by  A,  by  B,  and  by  C. 

Geometuy. 
Tufsday,  January  tl—Aftrmoon,  t.SO  to  5.S0. 

1.  Prove  that,  if  two  sides  of  a  triangle  are  unequal,  the  angle  opposite  the  greater 
side  is  greater  than  the  angle  opposite  the  leas.  Also,  state  and  prove  the  converse 
of  this  theorem. 

In  an  acute-angled  triangle  AB(^  in  which  AB  is  greater  than  AC,  the  lines  drawn 
from  B,  C  perpendicular  to  the  opixjeite  sides  intersect  in  O.  Prove  that  OB  is  greater 
than  OC. 

2.  Prove  that  the  diagonals  of  a  rhombus  liisect  each  other  at  right  angles. 

The  side  BC  of  a  rhombus  ABt'lJ  is  produced  through  C  to  a  point  E  so  that  CE 
is  greater  than  BC.  The  line  ED  is  drawn  and  produced  to  cut  CA  produced  in  F, 
and  F  is  joined  to  B.     Prove  that  the  angles  BFA,  EFA  are  equal. 

3.  Prove  that  parallelograms  on  the  same  base  and  between  the  same  parallelB 
are  e<|ual  in  area. 

ABCD,  AEFG  are  two  parallelograms  having  a  common  point  at  ^4,  and  having 
the  vertex  E  on  BC,  and  the  vertex  D  on  FG.  Prove  that  the  parallelograms  are 
equal  in  area. 

4.  In  a  right-angled  triangle  prove  that  the  square  on  the  hypotenuse  is  equal  to 
the  sum  of  the  squares  on  the  other  two  sides. 

If  two  une<jual  right-angled  triangles  ABC,  ADC  are  drawn  on  oppoeitc  sides  of 
their  common  hyjwtenuse  AC.  and  if  AM,  C\  are  drawn  periKJudicuiar  to  BD, 
cutung  it  in  .»/.  :V,  prove  that  B.\P+B\''=D.\r+DX-. 

5.  If  a  straight  line  AB  is  bisected  at  C  and  produced  to  any  point  D,  prove  that 
CD-=AD.  BD  +  AC. 

Show  how  to  find  the  position  of  D  by  a  geometrical  construction  so  that  the  rec- 
tangle AD.  BD  shall  eijual  the  square  on  AB. 

6.  Show,  with  proof,  how  to  construct  a  square  equal  in  area  to  a  given  triangle, 
illustrating  your  inethod  l)y  a  well-drawn  figure. 

7.  Prove  that  the  angle  at  the  center  of  a  circle  standing  on  a  given  arc  is  double 
any  angle  at  the  circumference  standing  on  the  same  arc. 

Prove  that,  if  a  square  be  described  externally  on  the  hypotenuse  of  a  right  angled 
triangle,  and  the  right  angle  be  joined  to  the  center  of  the  square,  the  joining  line 
will  bisect  the  right  angle. 

8.  The  angles  A.  B  of  a  cyclic  quadrilateral  ABCD  are  110°,  85°,  respectively, 
and  AB  subtends  an  angle  of  65°  at  the  point  of  interaction  of  the  diagonals.  Find 
the  angles  whi<h  the  sides  subtend  at  the  center  of  the  circle. 

9.  Prove  that  in  equal  circles  (or  the  same  circle)  equal  angles  at  the  centers  stand 
on  chords  which  are  equsd. 

Given  the  base  BC  and  the  vertical  angle  A  of  a  triangle  ABC.  the  angle  A  being 
acute;  prove  that  if  BM  is  drawn  perpendicular  to  AC.  cutting  it  in  J/,  and  if  CN 
is  drawn  perpendicular  to  AB,  cutting  it  in  N,  the  line  MN  is  of  constant  length. 
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10.  If  two  chords  AB,  CD  of  a  circle,  on  being  produced,  meet  in  a  point  P,  prove 
that  the  rectangles  PA.  PB  and  PC.  PD  are  equal. 

Two  circles  having  a  common  chord  AB  cut  a  third  circle,  the  chords  of  intersection 
with  it  being  CD,  EF,  respectively.  Prove  that  AB,  CD,  EF,  produced  if  necessary, 
intersect  in  a  common  point. 

Mechanics. 

Wednesday,  January  IS— Afternoon,  S.SO  to  5.S0. 

1.  The  gravitational  acceleration  at  the  surface  of  the  moon  is  approximately  5.4 
feet  per  second.  Calculate  (a)  the  time  taken  by  a  projectile,  starting  vertically 
upward  from  the  surface  of  the  moon  with  a  velocity  of  120  feet  per  second,  to 
return  to  its  starting  point,  and  (b)  the  maximum  height  reached. 

How  do  these  results  compare  with  those  upon  the  earth's  surface? 

2.  Explain  the  variations  of  the  force  between  the  floor  of  a  lift  and  the  feet  of  a 
man  standing  in  it  during  the  upward  and  downward  journeys  from  rest  to  rest. 

3.  Give  exact  definitions  of  the  terras  force,  momentum,  work,  and  power,  and  explain 
the  connections  between  (a)  force  and  momentum,  (6)  force  and  work,  and  (c)  work 
and  power. 

4.  Explain  the  principle  by  which  the  resultant  of  two  forces  not  in  the  same  straight 
line  is  determined. 

The  bob  of  a  simple  pendulum  is  deflected  so  that  the  string  makes  an  angle  of  30° 
with  the  vertical.  It  is  then  released.  Calculate  the  direction  and  magnitude  of 
the  acceleration  with  which  the  bob  begins  to  move. 

5.  Show  how  to  calculate  the  magnitude  and  position  of  the  resultant  of  a  number 
of  parallel  forces  acting  in  a  plane. 

Equal  weights  are  situated  at  five  of  the  angular  points  of  a  horizontally  placed 
regular  hexagon  of  side  a.  Find  the  line  of  action  of  the  single  force  which  would  be 
in  equilibrium  with  the  weights. 

6.  Apply  the  principle  of  work  to  determine  the  mechanical  advantage  of  a  smooth 
plane  inclined  at  an  angle  a  to  the  horizontal,  the  load  being  raised  by  a  horizontally 
applied  force. 

Show  what  would  be  the  effect  of  friction  on  the  mechanical  advantage;  and  explain 
what  is  meant  by  the  efficiency  of  a  machine. 

7.  Define  the  density  and  the  relative  density  of  a  substance. 

Describe  carefully  how  you  would  carry  out — using  a  suitable  bottle — a  determina- 
tion of  the  density  of  (a)  a  liquid,  {h)  a  powder  soluble  in  water,  but  insoluble  in  the 
liquid. 

8.  Explain  how  the  pressure  of  the  atmosphere  can  be  accurately  measured. 

At  the  top  of  a  mountain  a  mercury  barometer  reads  67.2  cm.  What  is  the  pressure 
in  kilograms  weight  per  sq.  cm.,  given  that  mercury  haa  13.6  times  the  density  of 
water. 
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ENGLAND, 

ENTRANCE  SCHOLARSHIPS  EXAMINATION  PAPERS. 

CAMBRIDGE    UNIVERSITY. 

Examination  for  Scholak.shii's,  Kxiiiiuhons,  am>  Sizahshus. 

Trinity,  Clare,  'IVinity  Hall,  PeUrhouse,  and  Sidney  Sussex. 
DecemUT  7.  1910.    9-12. 

1.  The  lines  AB,  BE,  CF  are  drawn  perpendicular  to  the  sides  BC,  CA.  AB  of 
the  triangle  ABC,  and  EF,  FD,  DE  are  drawn  to  cut  BC,  CA,  AB,  respectively,  in 
X,  Y,  Z.  The  tangenta  at  A,  B,  C  to  the  circle  ABC  cut  BC,  CA,  AB,  respectively, 
in  P,  Q,  R,  and  L,  M,  N  are  the  middle  pointa  of  Al\  BQ,  Cli,  respectively.  Prove 
that  the  six  points  X,  Y,  Z,  L,  M,  N  are  on  the  radiial  axis  of  the  circles  ABC  and 
DEF. 

2.  A,B  are  the  points  of  contact  of  a  common  tangent  of  two  given  circle.^,  and  any 
line  parallel  to  AB  cuLs  one  circle  in  P  and  the  other  in  Q.  Prove  AP  and  HQ  inter- 
sect on  a  fixed  circle  coaxial  with  the  given  circles. 

3.  Find  throe  points  A',  Y,  Z  on  the  sides  BC,  CA,  AB  of  the  triangle  ABC,  such 
that  YZ,  ZX,  XY  will  pa-^s,  respectively,  through  three  given  coUincar  points  L, 
M,N. 

Hence,  or  otherwise,  find  the  points  of  contact  of  three  given  tangents  to  a  conic 
ha\'ing  al.ao  given  the  pole  of  a  given  straight  line. 

4.  Prove  tliat,  if  n  is  a  positive  integer, 

1     ''^Mn-i)  .n{,n-\){n-2)^       .  . 
.xi^     (n+1)    ■(n-fl)(n-f-2)        (n+l)  (n-f  2)  (n+3),     .  .    ) 

5.  Prove  that,  if  a,  /3,  >  are  the  three  roots  of  the  equation 

x'-21i+35=0; 
then  will 

a'-f-2a  — 14  be  equal  to  ^  or  to  y. 

6.  Prove  that 

cos  '2a  sin  (/3  — 7)-f  cos  2/3  sin  (7— o)+co8  2y  sin  {a  —  ff) 
=4  sin  i  (^-7)  sin  i  (7-a)  sin  \  (a-/3)  {cos  (d+7)+co8  (7+a)+cos  (a-f-^)}. 

7.  The  diameter  AB  of  a  circle  is  produced  to  C  so  that  BC  is  equal  to  the  radius 
OB  of  the  circle;  CD  is  drawn  perpendicular  to  OBC  and  CD=BC.  A  point  P  is 
taken  on  the  circle  on  the  same  side  of  AB  as  the  point  D,  and  f<uch  that  ^AOP  is 
half  a  right  angle.  Prove  that,  if  Q  is  the  point  where  PD  cuts  the  circle  again, 
Z.BOQ  is  1.001  radians,  very  nearly. 

8.  Prove  that  chords  of  the  eliip.^e  x'Id'+y'ib'  — 1=0  which  subtend  a  right  angle 
at  a  given  point  P  of  the  ellipse  intersect  the  normal  at  /*  in  a  point  P',  such  that  PP' 
is  equal  to  2abdl{d'+b'),  where  d  is  the  semidiameter  conjugate  to  CP. 

245 
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Prove  that  as  P  varies  the  locus  of  P'  is  a  similar  ellipse,  and  that  the  normals  to  the 
ellipses  at  P  and  P',  respectively,  intersect  either  ellipse  in  four  concyclic  points. 

9.  Show  that  the  locus  of  the  intersection  of  normals  at  the  extremities  of  chords 
of  a  parabola  which  pass  through  a  fixed  point  is  a  parabola,  and  find  the  direction 
its  axis. 

10.  Find  the  equation  of  the  tangent  at  the  point  (p^,  1,  -p)  on  the  conic  a/3— X2=0; 
and-  prove  that,  if  the  sides  of  a  triangle  touch  the  conic  and  two  of  its  vertices  are  on 
the  lines  a—\8=0  and  a  — X2/5=0,  respectively,  the  locus  of  the  third  vertex  is  the 
conic 

(Xi  +  X2)2a/3-4X,X27^=0. 

11.  Show  that  if  6  and  <^  lie  between  0  and  it,  a^  is  less  than  1,  and 

(l-2a  cos  ^+0^)  (l+2a  cos  <l>+a'')=(l-a^f, 

then 

de  _sin  6  __l-2a  cos  e+a^ 
d(p~ sin  <l)~  1  —  a^ 

12.  Prove  that  if  the  chord  of  curvature  through  the  origin  is  2rn/a«~'  (tit^I),  for 

any  point  of  a  curve  at  distance  r  from  the  origin,  then  the  radius  of  curvature  is 

proportional  to 

n-l 
a 


^(n+l)g(n-l)r^"    ^^ 


December  7,  1910.    1-4. 

BOOKWORK. 

Candidates  are  requested  to  attempt  at  least  one  question  from  each  section  of  the  paper,  and  not  more  than 

THREE  in  all.] 

1.  Write  a  short  account  of  the  method  of  projection  in  geometry.     Include  in  this 
account  the  properties  of  a  projected  figure  corresponding  to  (a)  circles,  (b)  right  angles, 
(c)  a  pair  of  equal  angles,  (d)  middle  points  of  lines,  and  (e)  foci  of  conies,  in  the  origi-- 
nal  figure,  and  illustrate  your  theory  by  stating  in  a  form  true  for  all  conies  the  prop- 
erty that  the  angle  at  the  center  of  a  circle  is  double  that  at  the  circumference. 

2.  Prove  that  if  in  is  prime  to  a  the  least  positive  remainders  of  the  series  of  integers 

k,  k-T-a,  .  .  .  k-\-(m  —  l)a 

with  respect  to  m  are  a  permutation  of  the  numbers  of  the  series 

0,  1,  2,  .  .  .  (m-1), 
and  that 

a0(«O_i^o  (mod.  m), 

where  <}>  (m)  is  the  number  of  integers  less  than  m  and  prime  to  it. 
Prove,  also,  that  (/n— 1)!+1  is  divisible  by  m  if,  and  only  if,  in  is  a  prime. 
Show  that  if  m  is  a  prime  and  P'Cjn, 

(p-l)!(m-p)!+(-l)P"'=0(mod.  m). 

3.  State  and  prove  the  leading  propositions  in  the  theory  of  determinants  and  indi- 
cate some  applications  of  the  theory. 

4.  Starting  from  the  definition  of  a  differential  coefficient,  develop  methods  and 
results  which  will  enable  you  to  differentiate  any  function  obtained  by  combining 
exponential  functions,  circular  functions,  powers,  and  the  inverses  of  these  functions. 

5.  Establish  formulae  for  the  curvature  at  any  point  of  a  plane  curve,  including 
the  cases  when  the  curve  is  defined  (a)  by  a  Cartesian  equation,  (6)  by  equations  of 
the  type  x=(j>{t),  y=il/{t),  (c)  by  an  intrinsic  equation,  {d)  by  a  p,  r  equation,  and  (e) 
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ae  the  envolopo  of  a  lino  whose  equation  conUinfl  one  variable  parameter.     Apply 
Buch  of  thoKe  formulae  a.-*  are  suitable  to  the  castas  of  the  ellipse  and  the  parabola. 

6.  Starting  with  any  definition  of  exp  i  or  log  x,  where  x  is  a  real  variable,  develop 
the  principal  propertii^  uf  these  functions,  including  among  your  results  the  expan- 
sioiii!  for  exp  r  and  log  (.1+x),  the  equation. 

£(log  x)=-, 

and  the  relation 

lim 

=exp  I 


Explain,  also,  the  connection  between  exp  x  and  «'. 


A.  Prove  the  theorems  on  which  graphic  methods  as  applied  to  statical  problems 
depend. 

B.  Investigate  the  variou.•^  theorems  concerning  the  con.servation  of  energy  and 
the  conservation  of  momentum  under  appropriate  conditions  for  a  system  of  two 
particles. 

Apply  your  theorems  to  the  solution  of  the  following  problem:  Two  particles  of 
masses  m  and  m'  are  connected  by  an  elastic  string,  of  natural  length  /and  without 
mass,  and  are  initially  at  rest  at  a  distance  \l  from  each  otlier  at  puints  A  and  B, 
re8p>ectively.  Blows  P  and  Q  are  applied  to  the  particles  in  directions  perpendicular 
to  AB  and  toward  .-1,  respectively.     Discuss  the  subsequent  motion. 

C.  Investigate  the  various  problems  arising  from  the  collision  of  smooth  elastic 
spheres.     In  particular  consider  the  loss  of  kinetic  energy. 

A  mass  m  of  water  issues  per  unit  time  from  a  pipe  with  uniform  velocity  u  and  strikes 
a  pail  which  retains  it,  there  being  no  elasticity.  Initially  the  pail  is  at  rest,  and  at 
a  subsequent  instant  is  moving  in  the  direction  of  the  stream  with  velocity  V.     Prove 

that 

dV    m{xi-Vf 

di  ~      .Vu»      ' 

and  that  the  loas  of  energy  up  to  this  instant  is 

\  Mu  V. 

where  M  is  the  mara  of  the  pail,  and  gravity  Lh  omitted  from  consideration. 

D.  Investigate  the  theory  of  the  i.-^whronism  of  ()s<illations,  considering  harmonic 
motion  in  general,  motion  on  a  cycloid,  and  the  small  oscillations  of  a  pendulum. 

Decemljcr  8,  1910.    9-12. 

FoK  Cakdidatejj  in  MATHEM.Mnrs.  IS-  Mkcii.wk  Ai.  SciE.s'CEs.  A.vi)  IV  Mathematics 

Api'I.icable  ro  PHysiCN. 

KithrrtvUical  tabla  and  $q\taTt4  paper  au  provided,  and  mathematical  initrumentt  may  be  employed  /or 
eaUulaiion. 

Canduiata  for  malhematteal  icholanhipt  are  to  omit  quetlioiu  A-C. 

A.  Prove  the  formula 

cos  (^  +  B)=cos  A  CO."  B  — sin  A  sin  B. 
Show  that 

sin  A  sin  ;B-C)4-8in  B  sin  (C-A)+s\n  Cain  (A-B)=0. 

B.  Find  the  length  of  the  perpendicular  from  the  origin  to  the  line 

3a-|- -1^-1=0. 
Find  alfo  the  equations  of  the  two  line's  which  are  parallel  to  this  line  and  at  twice 
its  distance  from  the  origin. 
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C.  Trace  the  curve  ?/^  — KS.i:,  and  (ind  the  points  where  it  is  cut  by  the  line  y=2x—6. 
Prove  also  that  tlie  line  cuts  the  curve  at  angles  4>  and  <^'  given  by 

tan  4)=Tr    tan  (f>^=i. 


cf        a  log^a;  i 


1.  The  bisector  of  the  angle  ^  of  a  triangle  ABC  passes  through  the  center  of  the 
square  described  externally  on  BC.     Show  that  ^  is  a  right  angle,  or  that  AB=AC. 

2.  ABCD  is  a  quadrilateral  not  inscriba1)le  in  a  circle.     Show  that 

AC.BD<^AB.CD+BC.AD. 

3.  The  roots  of  the  equation 

are  all  integral;  find  them. 

4.  Prove  that  if  x  is  the  nth  root  of  a,  the  error  involved  in  taking  x  for  the  {n4-q)th 
root  ot  a  is 

(]X  loggx/ 
n-\-q 
where 

qjogej^ 
n+q 
is  small. 

Estimate  roughly  the  extreme  magnitude  of  this  error  when  x  and  q  are  not  greater 
than  1,000  and  1,  respectively,  and  n  is  not  less  than  200. 

5.  Solve  (graphically  or  otherwise)  to  two  significant  figures  the  equation 

2:'-10i;-ll=0. 

6.  Find  the  general  solution  of  the  equation 

cosec  4a  — cosec  40— cot  4a  — cot  40. 

7.  Solve  completely  the  triangles  in  which 

0=113,     6=152,     .4=27°. 

8.  In  an  acute-angled  triangle  ABC,  if  L  MN is  the  pedal  triangle  and  p  its  in-radius, 
show  that 

LM.  MN .  NL=2pA, 
where  A  is  the  area  of  ABC. 

9.  Interpret  the  equations  obtained  by  eliminating  x  and  </  in  succession  between 
the  straight  line  x+2ij=3  and  the  conic  x^  —  ?>!/'^—22,  and  hence  (or  otherwise)  prove 
that  the  circle  described  on  this  chord  as  diameter  has  for  its  equation 

x^+y'^+lSx-l2y-l2S=0. 

10.  Find  the  relation  between  the  eccentric  angles  at  the  extremities  of  conjugate 
diameters  of  an  ellipse. 

If  the  ellipse  be 

prove  that  the  tangents  at  the  ends  of  conjugate  diameters  intersect  on  the  eir;^3e 

and  that  the  corresponding  normals  meet  on  the  curve 

2  ia^x^'+bYy=(a'-b')''  (ah^-bY)^. 

11.  Prove  the  rule  for  differentiating  the  quotient  of  two  functions. 
Find  the  differential  coefficients  of 

V2x^Tf'    ^^^rrll'     tan  (x-sin-x). 
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12.  A  hell  trnt  consista  of  a  conical  portion  above  and  a  cylindrical  portion  near  the 
erouiid.  For  a  ^iven  voluni'^  and  a  circular  Inw  of  j^ivcn  radius,  provi-  that  the 
amount  of  canvas  uiH'd  io  a  minimum  when  the  3emi vertical  angle  of  the  cono  is 
coa-'  (I). 

• 

13.  Integrate  the  following  expressions: 

H.  Apply  the  integral  calculus  to  evaluate 

(i)  the  area  of  a  parabola  cut  off  by  a  line  perpendicular  to  the  axis; 
(ii)  the  volume  of  a  sphere. 
15.  Trace  the  curve  zy^=4a*  (2a— a)  and  prove 

(i)  that  the  area  between  the  curve  and  the  axis  of  if  is  4jru'; 
(ii)  that  the  volume  generated  by  the  revolution  of  the  curve  about  thi3  line 


December  8,  1910.     1.3(M.30. 

For  Candidates  in  MArHEMAxics,  in  Mechanical  Sciences,  and  in  Mathematics 

Applicable  ro  Physics. 

ifiUhfmatical  tablts  and  squared  paper  are  provided,  and  mathematical  instruments  may  be  employed  for 
calculation. 

1.  A  ship  leave.s  a  certain  port  and  steams  .\.W.  at  15  knots;  10  hours  later  another 
Bhip  leaves  the  same  port,  and  steams  W.  S.  \\  .  at  12  knots.  Their  wireless  instruments 
are  caf>able  of  communications  up  to  500  nautical  miles,  how  long  may  the  ships 
expect  to  remain  in  touch  with  one  another? 

|A  knot=a  nautical  mile  an  hour.] 

2.  A  train  passes  a  station  .1  at  40  miles  per  hour  and  maintains  this  speed  for  7  miles, 
and  is  then  uniformly  retarded,  stopping  at  B,  which  is  8  miles  from  A.  A  second 
train  starts  from  A  the  instant  the  first  train  passes  and,  being  uniformly  accelerated 
for  part  of  the  journey  and  uniformly  retarded  for  the  rest,  stops  at  Ii  at  the  same  time 
as  the  first  train.     What  is  its  greatest  speed  on  the  journey? 

3.  A  tramcar  starts  from  rest  and  its  velocities  at  intervals  of  5  seconds,  are  given  in 
the  following  table: 


Time  

0 

5 

10 

13 

26 

25 

30 

Velocity  in  miles  Per  hour '. 

0 

8.1 

11.8 

14.6 

16.3 

17.7 

19 

Calculate  the  distance  in  yards  travele<l  in  thealjove  time.  Also,  if  the  car  weighs 
8  tons,  «^timate  the  effective  pull  exertvd  on  the  car  at  the  end  of  20  seconds. 

4.  A  particle  is  projectf»d  from  a  gi\en  pwint  with  a  velocity  whose  vertical  com- 
ponent is  given.  Prove  that  the  initial  angular  velocity  about  the  focus  of  the  path 
is  greatest  when  the  angle  of  projection  is  45°. 

5.  A  smooth  sphere  is  tied  to  a  fixed  point  by  an  inelastic  string,  and  another  sphere 
impinges  directly  on  it  in  a  direction  making  an  arute  angle  with  the  string.  Show 
that,  if  the  second  sphere  is  reduced  to  rest  by  the  impact,  the  ratio  of  the  total  kinetic 
energy  after  the  impact  to  that  before  is  equal  to  the  coefficient  of  restitution. 

6.  A  light  spring  is  such  that  m  lbs.  weight  compresses  it  a  feet.  It  is  compressed 
c  feet  fc  >  a  I.  If  m'  lbs.  is  placed  on  the  top  and  the  spring  is  released,  find  the  con- 
dition that  the  weight  will  leave  the  spring,  and  its  velocity  when  this  happens. 
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7.  Four  equal  masses  are  attached  at  equal  distances  A,  B,  C,  D  at  points  on  a  light 
string,  and  so  placed  that  Z  ABC=^  Z  BCD^=  120°,  and  the  various  parts  of  the  string 
are  straight;  an  impulse  I  is  given  to  the  mass  at  A  in  the  direction  BA,  show  that  the 
impulsive  tension  in  AB  is  ^|  /. 

8.  A  heavy  uniform  beam,  8  feet  long,  weighs  20  lbs.,  and  at  one  end  it  carries  a  load 
■of  20  lbs.  and  at  the  other  end  a  load  of  10  lbs.  The  beam  thus  loaded  is  to  be  carried 
on  a  certain  support.     Find  by  a  graphical  construction  the  position  of  the  support. 

If  the  beam  is  to  rest  on  two  supports  which  are  to  divide  the  load  in  a  given  ratio, 
show  how  to  find  on  your  diagram  any  number  of  suitable  pairs  of  points,  and  find  the 
position  of  the  supports  when  they  are  at  a  distance  4  feet  apart,  the  pressures  on  them 
being  in  the  ratio  of  3  to  2. 

9.  A  tripod  consists  of  three  equal  rods,  each  of  weight  w,  smoothly  jointed  at  the 
upper  ends.  It  is  placed  symmetrically  on  a  rough  horizontal  table,  for  which  the 
angle  of  friction  is  </>,  and  a  weight  IF  is  put  on  the  top  of  the  tripod.  Show  that  the 
rods  can  not  make  an  angle  with  the  vertical  greater  than 


tan 


■( 


2^+^^tan<^Y 


10.  Two  equal  uniform  rods  are  fastened  together  so  as  to  bisect  one  another  at  right 
angles.  They  rest  in  a  plane  at  right  angles  to  a  rough  wall,  the  one  rod  resting  on  the 
edge  of  the  top  of  the  wall,  and  an  end  of  the  other  against  the  vertical  side.  Prove 
that  the  limiting  inclination  6  of  the  second  rod  to  the  vertical  is  given  by  the  equation 

tan  e  cos^X=cos(X+0)  sin  (X — d), 

where  X  is  the  angle  of  friction. 

11.  The  figure  ABCD  represents  a  freely-jointed  light  plane  framework,  with  forces 
acting  in  the  plane  at  right  angles  to  BCD.  Show  that  it  is  in  equilibrium,  and 
prove,  graphically  or  otherwise,  that  the  stresses  in  AB,  AC  are  equal  and  of  opposite 
sign. 

•  40  lb  33  lb 

A  A 


12.  Two  equal  friction- wheels  of  radii  R  inches  turn  on  axles  B,  C  of  radii  r  inches; 
the  coefficient  of  friction  between  wheel  and  axle  is  tan  (j).  A  wheel  of  weight  Wis 
attached  to  an  ax^e  of  radius  a  inches  which  rests  on  the  circumferences  of  the  first  two 
wheels  as  in  the  figure.     Neglecting  the  weights  of  the  wheels  B  and  C,  show  that  the 


sin  29 
least  couple  which  will  rotate  the  wheel  A  is  Wa — j^  » 


where  sin  5=r,sin  (j):  the  centers 
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of  the  three  wheels  forming  an  equilateral  triangle. 

(Alternative  Qiestions  in  Physics.) 

13.  A  diving  bell  has  the  form  of  a  paraboloid  of  revolution  cut  off  by  a  piano  per- 
pendicular to  its  axis  at  a  distance  h  from  the  vertex,  where  A  is  the  height  of  the  water 
barometer.  If  the  bell  be  lowered  so  that  ita  vertex  is  at  a  depth  5/i/2  below  the  surface 
of  the  water,  find  how  his;h  the  water  will  rise  in  the  bell. 

14.  A  batter}'  is  connected  to  a  galvanometer  of  40  ohms  resistance,  and  a  certain 
current  is  observed.  The  galvanometer  is  now  shunted  with  a  resistance  of  10  ohms, 
and  the  current  in  the  galvanometer  falls  to  one-half  of  the  former  value.  Find  the 
internal  resistance  of  the  batterv'. 

15.  The  coefficients  of  cubical  expansion  of  mercurv*  and  brass  are  .00018  and  .00006 
per  degree  centigrade.  A  mercury  barometer  with  a  brass  scale  reads  correctly  at 
15°  C,  standing  at  30  inches;   what  will  be  the  error  at  35°  C? 

16.  One  cubic  foot  of  air  at  a  temperature  of  500°  C.  absolute  is  exf)anded  isotherm- 
ally  from  a  pressure  of  120  lbs.  per  sq.  in.  to  twice  the  initial  volume;  it  is  then 
expanded  adiabatically  to  three  times  the  initial  volume.  Kind  the  pressure  and 
temperature  at  the  end  of  each  stage  and  calculate,  graphically  or  otherwi."e,  the  work 
done  and  the  heat  units  taken  in  during  each  stage,  taking  the  mechanical  e(iuivaient 
of  one  thermal  unit  aa  1,400  ft.  lbs.,  and  the  equation  for  adiabatic  expansion  of  air  as 
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FRANCE. 

CONCOURS   FOR   ADMISSION  TO  THE   ECOLE  NORMALE   SUPERIEURE 
AND  FOR  THE  BOURSES  DE  LICENCE  IN  1913. 

Mathematics,* 
Group  I. 

^        ■  I. 

(Time:  6  hours.) 
Being  given  three  axes  of  rectangular  coordinates  Ox,  Oy,  Oz,  consider  the  surface  (S) 
defined  by  the  equation  z=xy+x^  and  the  line  (D)  defined  by  the  equations  y=b,  z=c, 
where  b  and  c  are  two  given  constants,  the  second  not  being  zero.     In  all  that  follows 
this  line  (D)  remains  fixed. 

1.  Show  that  the  surface  (S)  is  ruled  and  find  its  generators. 

2.  To  each  rectilinear  generator  (G)  of  the  surface  (5)  establish  a  correspondence  of 
the  plane  (P)  drawn  through  the  line  (D)  and  parallel  to  the  Une  symmetric  to  (G) 
with  respect  to  the  plane  xOy.  Determine  the  locus  of  the  point  of  intersection  of  (G) 
and  of  (P),  when  the  line  (G)  describes  the  surface  (S). 

Show  that  this  locus  is  a  curve  (C)  situated  on  a  quadric  (Q),  and  determine  this 
quadric. 

3.  Form  the  equation  of  the  fourth  degree,  giving  the  abscissas  of  the  points  of  inter- 
section of  the  curve  (C)  with  a  plane  given  by  its  equation  ux-\-vy-]-wz-j-s—0.  Calcu- 
late the  elementary  symmetric  functions  of  the  roots  as  a  function  of  u,  v,  w,  s.  From 
this  deduce  the  relation  which  the  abscissas  Xj,  x.^,  x^,  x^,  of  four  points  of  the  curve  (C) 
must  satisfy  in  order  that  these  four  points  should  be  in  the  same  plane. 

This  relation  will  be  useful  in  most  of  the  questions  which  follow. 

4.  Deduce  from  the  preceding  relation  the  conditions  which  the  abscissas  Xj,  Xo,  x^, 
of  three  points  of  the  curve  (C)  must  satisfy  in  order  that  these  three  points  shall  be 
collinear. 

Form  the  general  equation  of  the  third  degree  of  which  the  roots  are  the  abscissas  of 
three  collinear  points  of  the  curve  (C).  Show  that  the  lines  which  cut  (C)  in  three 
points  generate  one  of  the  families  of  rectilinear  generators  of  the  quadric  (Q). 

5.  Show  that  the  necessary  and  sufficient  condition  that  the  osculating  planes  to 
the  curve  (C)  in  three  given  points  cut  on  the  curve  (C)  is  that  the  three  points  are 
collinear. 

6.  Throtigh  any  point  Moi  the  curve  (C)  there  pass  two  planes  enjoying  the  property 
of  being  tangent  to  the  curve  (C)  at  the  point  ^and  in; another  point  (that  is  to  say  of 
being  bitangent  to  the  curve).  Suppose  M''  and  i/'^  are  the  second  points  of  contact 
of  these  two  planes.  Show  that  there  exists  a  plane  bitangent  to  the  curve  (C)  in  M'' 
and  M''. 

What  conditions  must  be  satisfied  by  the  abscissas  of  the  three  points  M,  M\  M'\ 
of  the  curve  (C)  in  order  that  any  two  of  them  are  points  of  contact  of  a  plane  bitangent 
to  the  curve  (C)? 

'  The  solutions  of  the  following  problems  are  to  be  found  in  Nouvclles  Annalet  de  M(Uhematiques,tQme  73, 
Oct.-Nov.,  1914,  pp.  467-482. 
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7.  Form  the  general  equation  of  tho  tliird  degree  whase  root.«  are  the  abscissae  of  the 
points  it,  M\  M",  of  the  curve  (C)  subject  to  the  preceding  conditions.  Express  the 
coeHicicnts  of  this  equation  by  means  of  the  abs(is.xa  «  of  the  fourth  point  of  intersec- 
tion ti  of  the  cur\e  (C)  with  the  plane  (jr)  determined  by  the  points  SI,  M' ,  M" . 

Calculate,  in  terms  of  «  the  coelhcients  of  the  equation  of  tho  plane  (ir)  and  the 
coordinates  of  the  point  of  concourse,  .4,  of  the  tangents  to  the  curve  (C)  at  the  points 
M,  id',  M".  Tlxis  point  A  is  said  to  be;  tho  point  astfociated  with  tho  point  n  of  the 
curve  (C). 

8.  Show  that  there  exists  an  infinity  of  quadrics,  depending  only  on  h  and  c,  with 
respect  to  which  tho  point  A  is  the  pole  of  the  plane  (ir);  determine  these  quadrics 
and  show  that  one  of  them  is  the  quadric  (Q)  already  considered. 

Deteniiine  the  locus  (T")  of  tho  point  A,  also  tho  envelope  of  the  plane  (ir),  when  the 
point  /I  describes  the  curve  (C). 

9.  With  any  three  collinear  points  ^,.  /i...  p,,  on  the  curve  (C)are  a.ssociated  the  three 
vertices  A^,  A.^.  A-^,  of  a  triangle  inscribed  in  the  curve  (F).  Determine  by  supposing 
6=0,  the  envelope  of  the  sides  of  this  triangle  when  the  line  ^,  /u,  ^3  varies.  Show 
that  in  the  .same  hypothesis  6=0,  the  circle  circumscribed  about  the  triangle  .4,  A^  A^ 
passes  through  two  fixed  points. 

II. 

(Time:  4  hours.) 
Given  two  rectangular  axes,  and  the  differential  equation  y  —  2xy'-\-y^}j'^=0. 
•  1.  Show  that  this  equation  admits  of  an  infinity  of  solutions,  the  curves  C,  of  which 
the  equation  is  of  the  form  i/'=/(x),  f(x)  denoting  a  pol^^lomial  in  x.  Write  the  gen- 
eral equation  of  the  curves  C;  show  that  through  every  point  of  the  plane  there  pa-saos 
either  one  or  three  curves  C.  and  determine  the  region  of  the  plane  where  the  point 
ought  to  be  found  in  order  that  the  number  of  the  curves  which  pass  through  it  shall 
equal  three;  determine  the  locus  of  the  points  such  that  two  of  the  curves  C  which 
pa-ss  through  one  of  them  are  orthogonal. 

2.  Given  the  point  A  (r=0.5,  y=0).  I^et  P  be  that  one  of  the  curves  C  which 
pas.«es  through  A  and  is  concave  toward  the  positive  part  of  the  axis  Ox:  let  B  be  the 
point  of  the  curv  e  P  which  ha.s  for  ordinate  >/  0.  Suppa«e  (^  is  that  one  of  the  curves  C 
passing  through  B  and  concave  toward  the  negative  part  of  the  x  — axis;  suppo.se  finally 
that  A'  is  the  point  where  this  curve  cuts  the  axis  Ox.  Calculate  the  area  bounded  by 
the  area  of  curves  AB,  BA'.  and  the  axis  Ox. 

3.  A  nio\-ing  point,  starting  from  ^,  traverses  pucce.«sively  the  arc  .^i?  of /',  then  the 
arc  BA'  of  Q.  Its  tangential  acceleration  is  con.stantly  equal  to  its  velocity,  and  its 
initial  velocity  is  equal  to  1 ;  at  the  point  B  suppose  that  the  velocity  does  not  (hange 
in  magnitude,  but  only  in  direction.  Tali  ulate  to  the  nearest  tenth  the  time  taken 
for  the  point  to  traverse  the  arc  ABA'. 

4.  At  the  point  B,  the  acceleration  of  the  moving  point  suffers  a  discontinuity. 
Calculate,  by  its  projections  on  the  two  axes  of  coordinates,  the  geometric  variation 
of  the  vector-acceleration  at  the  point  B. 

Group  II. 

I, 

Consider  in  a  plane  two  rectangular  coordinate  axes  Ox.  Oy.  A  material  point  M, 
of  mass  e^jual  to  unity,  i8mo\'ablo  in  a  i)lane  under  the  action  of  a  force  {F)  of  which 
the  projections  .Y  and  Fon  the  axes  are  A'=j,  l'=y— 4x,  x  and  y  denoting  the  coor- 
dinates of  the  point  .V.- 

1.  Form  and  integrate  the  differential  equations  of  the  motion  of  the  point  M. 

2.  Determine  the  motion  of  M  in  .supposing  that  at  the  betrinning  of  the  time  its 
coordinates  are  (a.  0)  and  that  its  velocity  has  —a  and  2a  for  projections  on  the  axes. 
Construct  the  trajectory  (7^  corresponding  to  this  motion. 
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3.  Calculate  the  time  taken  by  the  moving  point  in  going  from  any  point  M  of  its 
trajectory  ( T)  to  the  point  M  \  where  the  tangent  to  the  trajectory  is  parallel  to  the 
radius  vector  OM. 

4.  Prove  that  the  hodograph  of  the  motion  is  a  homothetic  curve  of  the  trajectory 
(T)  and  calculate  to  the  nearest  tenth  the  ratio  of  homothety. 

5.  The  trajectory  ( T)  passes  through  the  point  0.  Evaluate,  in  terms  of  the  abscissa 
of  the  point  M,  the  area  bounded  by  the  arc  of  the  curve  OM  and  the  chord  OM,  also 
the  volume  generated  by  this  area  turning  about  Oy. 

II. 

Evaluate  to  the  nearest  hundredth  the  integrals: 


J  IT  dx  Ttt 

,     2co8  u:+3'  J,     (i 


dx 


(2cosi;+3)2 


Note. — For  interesting  comment  concerning  the  emphasis  on  analytical  geometry  in 
the  above  examiyiation,  compare  E.  BluteVs  report,  page  21  (Commission  Internatio- 
nale de  V Enseigneinent Mathematique.   Sous-Commission  Fran^aise,  Rapports,  vol.  2). 
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FRANCE. 

AORI^IOATION   DE8   SCIENCES   MaTH^MATIQUES. 

As  there  are  no  mathematical  examinations  for  teachers  in  any  other  countrj'  to 

comparo  in  difficulty  with  those  to  which  the  candidate  for  a  French  abrogation  ia 

required  to  submit,  it  seems  worth  while  to  give  fuller  details.     I  therefore  subjoin: 

I.  Concours  programs  (announced  9-11  months  in  ad\'ance).     The  examinations 

were  on  topics  selected  from  the  program. 
II    The  corresponding  examination  papers.     The  four  written  examinations  occurred 
within  five  consecutive  days.     The  first  paper  may  seem  short  for  the  time 
allowed  (seven  hours),  but  when  the  enormously  high  standard  in  presentation 
and  detail  is  taken  into  consideration,  this  is  not  found  to  be  the  case. 

I.  PROGRAM  FOR  THE  CONCOURS. 

I. — General  Program  in  Analysi.s  and  Mechanics,  1914.' 

Since  the  programs  for  the  certificatsd 'Etudes  sup^'rieure^^'a^y  among  the  different 
universities,  the  jur\'  indicate  in  the  program  below  the  minimum  of  general  knowl- 
edge which  the  candidates  for  certificats  in  analysis  (differential  and  int^ral  calculus) 
and  mechanics  are  supposed  to  have  acquired. 

The  subjects  of  the  "compositions"  in  differential  calculus,  integral  calculus,  and 
mechanics  will  be  choaen  from  Nos.  1,  2,  3,  4,  5,  7,  8,  9,  10,  11,  12,  13,  14,  and  15  of 
this  program ;  their  scope  will  not  exceed  the  standard  set  by  the  subjects  of  problems 
propoeed  for  the  corresponding  certificate  for  the  licence. 

Differential  Calculus  and  Integral  Calculus. 

1.  Fundnmmlal  operations  of  differmlial  and  integral  calculut:  Deri\'ative8  and 
differentials;  simple  int^rals,  curvilinear  int^rals,  int^rals  of  total  differentials, 
double  and  triple  int^rals. 

2.  Application*  of  the  diferential  calculus:  Study  of  functions  of  a  real  \'ariable 
(Taylor's  formula,  maxima  and  minima,  functional  determinants,  implicit  functions); 
calculation  of  derix-ativee  and  differentials;  change  of  variables.  Order  of  connection 
and  class  of  an  area. 

3.  Appliratxons  of  the  integral  calculus:  Processes  of  integration.  Length  of  an  arc 
of  a  curve  (plane  and  gauche),  areas,  volumes.     Differentiation  and  change  of  variables 

under  the  sign  j         .     .     .    Study  of  the  integral  I     /(i)(ir  when  one  of  the  limits  or 

the  function  becomes  infinite.     Green's  formula.     Study  of  functions  represented  by 
certain  series.     Properties  of  power  series. 

4.  Elements  of  infinitesimal  geometry:  "Infinitesimal  properties"  of  plane  and 
gauche  curves  incurve  envelopes,  curvature,  torsion).  Infinite-simal  pro[)erties  of 
Burfaces;  surface  envelopes,  summary  of  the  results  on  contact  transformations; 
developable  surfaces,  ruled  surfaces;  Mcusnier's  theorem;  principal  sections.  Con- 
jugate lines,  lines  of  curvature,  asj-mptotic  lines  in  any  curvilinear  coordinates. 

'  Bullflin  administratif  du  miniitire  de  firutrtuiion  publique.  ann^  1913,  V^  Julllot,  pp.  172-174.  Al- 
though the  program  for  1915  was  published,  no  exaoiia&tion  hu  beea  held  since  1914. 
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5.  Elementary  functions  of  a  complex  variable:  Simple  algebraic  functions;  circular 
and  logarithmic  functions. 

6.  Theory  o/anrt/i/iic/uracfions;  Properties  of  the  integral  \f{z)dz.     Series  of  Taylor 

and   of  Laurent.     Poles,    essentially  singular  points,   residues.     Reduction  of  the 
hyperelliptic  integrals. 

7.  Differential  equations  of  the  first  order:  General  solutions,  particular  solutions, 
singular  solutions.  Simple  types  of  integrable  equations.  Integrating  factor. 
Theorem  of  Briot  and  Bouquet  on  the  existence  of  the  solutions  in  the  cases  where 
the  known  functions  are  analytic. 

8.  Differential  equations  and  systems  of  equations  of  any  order:  General  solution, 
particular  solutions,  first  solutions.  Simple  types  of  integrable  equations.  Linear 
equations. 

9.  Inter/ration  of  linear  partial  differential  equations  of  the  first  order. 

10.  Integration  of  differential  equations  {partial  or  total)  of  the  first  order. 

Mechanics. 

11.  Statics:  Composition  of  forces  applied  at  a  point.  Attraction  of  a  spherical 
homogeneous  shell  at  an  exterior  or  interior  point.  Elementary  properties  of  poten- 
tial. Reduction  of  forces  applied  to  a  sohd  body.  Conditions  of  equilibrium  of  a 
solid  body.  Applications  to  simple  machines.  Funicular  polygon.  Suspension 
bridges.     Catenary.     Principal  of  virtual  work. 

12.  Kinematics:  Velocity,  acceleration.  Movement  of  a  plane  figure  in  its  plane. 
Representation  of  the  movement  by  the  rolling  of  a  moving  curve  on  a  fixed  curve. 
Movement  of  a  soUd  body  about  a  fixed  point.  Representation  of  the  movement  by 
the  rolling  of  a  moving  cone  on  a  fixed  cone.  Movement  of  a  solid  body  in  space. 
Helicoidal  movement.     Relative  movements.     Theorem  of  Coriolis. 

13.  Dynamics  of  a  particle:  Work.  General  theorems.  First  integrals  of  the  equa- 
tions of  motion.  Application  to  the  motion  of  the  planets.  Movement  of  a  point 
on  a  curve  or  on  a  surface.  Pendulum  in  a  vacuum  and  in  a  resisting  medium. 
Conical  pendulum.     Geodetic  Lines. 

14.  Geometry  of  masses:  Centers  of  gravity.     Moments  of  inertia. 

15.  Dynamics  of  systems:  General  theorems.  First  integrals.  Energy,  stability  of 
equihbrium.  Movement  of  a  solid  body  about  a  fixed  axis.  Pressure  supported  by 
the  axis.  Compound  penduliun.  Movement  of  a  solid  body  about  a  fixed  point. 
General  movement  of  a  solid  body.  Law  of  friction  and  slipping.  AppUcation  of 
the  principle  of  vis  viva  to  machines.  D'Alembert's  principle.  Lagrange's  equa- 
tions.    Relative  motion.     Percussions. 

16.  Canonical  equations:  Jacobi's  theorem. 

17.  Hydrostatics:  Equilibriumof  a  fluid  mass.  Level  surfaces.  Pressure  on  a  plane 
wall.     Archimedes's  principle.     Equilibrium  of  floating  bodies. 

18.  Jlydrodyruanics:  General  equations  of  motion  of  a  fluid  mass.  Bernoulli's 
theorem.     Torricelli's  theorem. 

'  Lessons.* 

Parts  of  the  programs  from  which  are  drawn  the  subjects  of  the  lessons. 

I  Although  the  program  of  "Lessons"  for  1914  is  given  on  pp.  175-177  of  the  Bulletin  Administratif  mea- 
tioned  al)ove,  the  examinations  on  these  lessons  took  place  after  the  war  had  commenced,  and  I  have 
been  unable  to  find  any  published  list  of  lesson-subjects  selected  at  that  time.  As  the  program  of  lessons 
for  1910  and  the  corresponding  list  of  lesson-subjects  were  available,  they  are  given  in  tliis  appendix.  There 
is  considerable  variation  in  the  program  of  "  Lessons"  from  year  to  year. 
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MATHTJ^MATTQrKa   Sp<!:ciAi,Ka. 

Serifs:  S?eries  of  positive  terma;  character  of  convergence  or  divergence  drawn  from 

the  study  of  the  expressions:  -2=-'.  Vu„,  nut- 

Absolutely  converging  series.  Convergence  of  series,  with  tenns  alternately  i)Ositivo 
and  negative,  of  which  the  general  term  decreases  constantly  in  al^solute  value  and 
tends  toward  zero.     Numerical  examples. 

General  properties  ofahjehraic  equations:  Number  of  roots  of  an  equation.  Relations 
between  the  coelticients  and  the  roots.  Every  rational  and  sj-nimetric  function  of 
the  roots  may  \^c  expre.s.«pd  rationally  as  a  function  of  the  coeflicients.  Elimination 
of  one  unknown  between  two  equations  by  means  of  symmetric  functions.  Condition 
that  an  equation  has  equal  roots.  Study  of  the  commensurable  roots.  Descartes's 
theorem.  Complex  numbers.  De  Moivre's  theorem.  Trigonometric  resolution  of 
the  binomial  e(|uation. 

Functions:  Function  of  a  real  variable,  graphic  representation,  continuity.  Defi- 
nition and  continuity  of  the  exponential  function  and  of  the  logarithmic  function. 

Limit  of  (l  +  Jj;)    when  m  increases  indefinitely  in  absolute  value.     Derivative  of  a 

function;  slope  of  the  cun-e  represented.  Derivative  of  a  sum.  of  a  product,  of  a 
quotient,  of  an  integral  power,  of  a  function  of  a  function.  Derivative  of  a*  and  of 
log  X.  Use  of  logarithm  tables  and  of  the  slide  rule.  Rolle's  theorem,  law  of  finite 
in<rement5,  graphic  representation.  Eum  tions  of  several  independent  variables, 
jmrtial  derivatives.  Law  of  finite  increments.  Derivative  of  a  compound  function. 
Derivative  of  an  implicit  function  (admitting  the  existence  of  this  derivative).  Em- 
ployment of  the  derivative  for  the  study  of  the  variation  of  a  function:  maxima  and 
minima.  Primitive  functions  of  a  given  fun<"tion,  their  representation  by  the  area 
of  a  cuT^-e. 

Functions  defined  hij  a  power  series  vith  real  coefficients.  Intenal  of  convergence: 
Addition  and  multiplication.  In  the  interior  of  the  interval  of  convergence  one 
obtains  the  derivative  or  the  primitive  functions  of  the  function,  on  taking  the  series 
of  derivatives  or  of  the  primitive  functions  (functions  which  extend  to  the  extremities 

of  the  interval  are  not  con-sidered).     Examples:   Developments  in    series  of— — » 

1 — X 

1  1  —X 

-— -.,  arctani,  log  (1-x),  log  -- —  Exponential  series.  Binomial  series.  The 
l+x^  •  l+x 

equations  t/=y,  and  y'  (\+x)=my  serve  to  determine  the  sum  of  the  last  two  series. 

Development  into  series  of  a*,  of  arcs  in  x. 

Curves  uhose  equation  is  resolved  or  resolvable  with  regard  to  one  of  the  coordinates: 
Tracing.  Equation  of  the  tangent  at  a  point;  subtangent.  Normal,  subnormal. 
Concavity,  convexity,  points  of  inflexion.  Asymptotes.  Application  to  simple 
examples  and  in  particular  to  the  conies  and  to  those  curves  of  which  the  equation 
is  of  the  second  degree  with  respect  to  one  of  its  coordinates. 

Curves  defined  by  the  expression  of  the  coordinates  of  one  of  their  points  n.i  functions  of 
a  parameter:  TT&ring.  Numerical  examples.  Curves  of  the  .secdtid  order  and  those 
of  the  third  order  with  a  double  point  are  unicursal. 

Curves  defined  by  an  implicit  equation:  Equation  of  the  tangent  and  of  the  normal 
at  a  point.  Tangents  at  the  origin  in  the  ca.«e  where  the  origin  is  a  simple  point  or  a 
double  i)oint.  Discus^•ion  of  the  asj-mptotes  in  the  cuse  of  numerical  examples  of 
curves  of  the  second  and  of  the  third  order. 

Curvature.     Envelopes.     Developables. 

Polar  coordinates:  Their  transformation  into  rectangular  coordinates.  ?>quation  of  a 
right  line.     Construction  of  curves;   tangents,  aapuptotea.     Applications  (confined 
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to  the  case  when  the  equation  is  solved  with  respect  to  a  radius  vector).     Case  of  the 

conies. 

Gauche  curves:  Tangent.  Osculating  plane.  Curvature.  Applications  to  the  cir- 
cular helix. 

Stxidy  of  surfaces  of  the  second  degree  with  reduced  equation:  Condition  of  the  contact 
of  a  plane  with  a  surface.  Simple  problems  relative  to  tangent  planes.  Normals. 
Properties  of  conjugate  diameters.  Theorems  of  Apollonius  for  the  ellipsoid  and  the 
hyperboloids.  Circular  sections.  Rectilinear  generatrices.  The  surfaces  of  the 
second  order  are  unicursal. 

Dynamics. 

1.  Free  material  point:  Principle  of  inertia.  Definition  of  force  and  mass.'  Rela- 
tion between  the  mass  and  the  weight.  Invariability  of  the  mass.  Fundamental 
units.  Derived  units.  Movement  of  a  point  under  the  action  of  a  force,  constant 
in  magnitude  and  direction,  or  under  the  action  of  a  force  issuing  from  a  fixed  center: 
(1)  Proportional  to  the  distance;  (2)  in  the  ratio  inversely  as  the  square  of  the  dis- 
tance. Composition  of  forces  applied  at  a  material  point. ^  Work  of  a  force,  work  of 
the  resultant  of  several  forces,  work  of  a  force  for  a  resulting  displacement.  Theory 
of  living  force.  Level  surfaces.  Fields  and  lines  of  force.  Kinetic  energy  and 
potential  energy  of  a  particle  placed  in  a  field  of  force. 

2.  Material  point,  not  free:  Movement  of  a  heavy  particle  on  an  inclined  plane,  with 
and  without  friction,  the  initial  velocity  acting  along  the  line  of  greatest  inclination. 
Total  pressure  on  the  plane;  reaction  of  the  plane.  Small  oscillations  of  a  simple 
pendulmn  without  friction;  isochronism. 

Descriptive  Geometry. 

Intersection  of  surfaces:  Two  cones  or  cylinders,  cone  or  cylinder  and  surface  of 
revolution,  two  surfaces  of  revolution  of  which  the  axes  are  in  the  same  plane. 

II. — Lessons  on  the  Subjects  of  the  Programme  op  the  Seconde  and  Pre- 
miere (C  and  D)  and  Mathematiques  A. 

Seconde  {C  and  D). 

Algebra:  Resolution  of  equations  of  the  first  degree  in  one  unknown.  Inequalities 
of  the  first  degree.  Resolution  and  discussion  of  two  equations  of  the  first  degree 
in  two  unknowns.  Problems;  substitution  in  equation.  Discussion  of  the  results. 
Variation  of  the  expression  ax-\-h;  graphic  representarion.  Equations  of  the  second 
degree  in  one  unknown  (theory  of  imaginaries  not  discussed).  Relations  between 
the  coefficients  and  the  roots.  Existence  and  signs  of  the  roots.  Study  of  the  trino- 
mial of  the  second  degree.  Inequalities  of  the  second  degree.  Problems  of  the 
second  degree.     Variation  of  the  trinomial  of  the  second  degree.     Graphic  representa- 

tion.  Variation  of  the  expression  ,"  ,  ,•;  graphic  representation.  Notion  of  deriva- 
tive; geometrical  significance  of  the  derivative.  The  sign  of  the  derivative  indi- 
cates the  direction  of  the  variation;  applications  to  very  simple  numerical  examples 
and  in  particular  to  the  functions  studied  before. 

Geometry:  Simple  notions  of  homothetic  figures.  Similar  polygons.  Sine,  cosine, 
tangent,  and  cotangent  of  positive  angles  less  than  two  right  angles.  Metrical  rela- 
tions in  a  right  triangle  and  in  any  triangle.  Proportional  lines  in  the  circle.  Fourth 
proportional;  mean  proportional.     Regular  polygons.     Inscription  in  a  circle  of  a 

I  It  is  admitted  that  a  force  applied  at  a  material  point  is  geometrically  equal  to  the  product  of  the  mass 
of  the  point  by  the  acceleration  that  it  impresses  on  the  point 

s  It  is  admitted  that,  if  several  forces  act  at  a  point,  the  acceleration  that  they  impress  on  the  point  is 
the  geometric  sum  of  the  accelerations  that  each  of  them  impresses  on  it,  if  acting  alone. 
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pquarp,  of  a  hexagon;  of  an  equilateral  trianplo,  of  a  derapon,  of  a  quindeoapon. 
Two  re^lar  polygons  of  the  same  number  of  sides  are  similar.  Itatio  of  their  p«»r- 
imeterp.  l.t-ngth  of  an  arc  of  a  circle.  Ratio  of  the  circumference  to  the  (liumet«'r. 
Calculation  of  r  (conlined  to  the  method  of  the  perimeters).  Area  of  pniypins;  area 
of  a  circle.  Measure  of  the  area  of  a  rectangle,  of  a  parallelogram,  of  a  triangle,  of  a 
trape/ium,  of  any  polygon.  Ratio  of  the  areas  of  two  similar  polygons.  Area  of  a 
regular  convex  polygon.  Area  of  a  circle,  of  a  sector,  and  of  a  segment  of  a  circle. 
Ratio  of  the  area^  of  two  circles. 

Premihe  (C  and  D). 
Gkometuy. 

Trnnslctinn:  Rotation  about  an  axis.  Pynumtry  with  rc.'-pfct  to  a  line.  Sym- 
metry with  respect  to  a  point.  Symmetry  with  n  ^p««  t  to  a  plane.  This  second 
kind  of  symmetry  is  equivalent  to  the  first. 

Trihedral  anglts:  Di.sposition  of  the  elements.  Trihedral  symmetry.  Each  face 
angle  of  a  trihedral  is  less  than  the  sum  of  tlie  f)th(r  two.  Limits  of  the  sum  of  the 
face  angles  of  a  trihedral.  Supplementary  trihidrais.  AppIiiaLions.  Inequalities  of 
the  trihedral.-;. 

Homology:  Parallel  plane  sections  of  polyhedral  angles.     Area. 

Polyhi-dra:  nomothetic  polyhedra,  similar  polyhedra.  Prisms,  pyramids.  Sum- 
mary of  notions  on  the  symmetry  of  the  cube  and  of  the  regular  octahedron.  \'ol- 
umes  of  parallelepipeds  and  of  prisms.  Volume  of  a  pyramid.  Volume  of  a  pyramid 
truncat<  (1  by  parallel  sections.  Volume  of  a  truncated  triangular  prism.  Ratio  of 
the  volumes  of  two  similar  polyhedra.  Two  symmetrical  p  ilyhedra  are  equivalent. 
Sphere:  Plane  section,  poles,  tangent  plane.  Circumscribed  cone  and  cylinder. 
Area  and  volume. 

Mathemaliqius  A. 

Arilhmftic:  Common  fractions.  Reduction  of  a  fraction  to  its  simplest  terms. 
Reduction  of  several  fractions  to  a  common  denominator.  Least  common  denomi- 
nator. Operations  with  common  fractions.  Decimal  numbers.  ( 'perations  (consid- 
ering the  decimal  fractions  as  particular  cases  of  ordinary  fractions).  Calculation  of 
a  quotient  to  a  given  decimal  approximation.  Reduction  of  an  ordinary  fraction  to 
a  decimal  fraction;  condition  ol  pi>.-<.«il)ility.  When  the  reduction  is  inipij.'<.'<il)Ie,  the 
ordinary  fraction  can  be  regarded  as  the  liuiit  of  an  unlimited  periodic  decimal  frac- 
tion. Square  of  a  whole  number  or  of  a  fractional  number;  nature  of  the  square  of 
the  sum  of  two  numbers.  Th«'  square  of  a  fraction  is  never  erjual  to  awliole  number. 
Definition  and  extraction  of  the  square  root  of  a  whole  number  or  of  a  fraction  to  a 
given  decimal  approxin)ation.  Definition  of  absolute  error  and  of  relative  error. 
Determination  of  the  upper  limit  of  an  error  made  in  a  sum,  a  difference,  a  product, 
a  quotient,  knowing  th*-  upper  limits  of  the  errors  by  which  the  given  quantities  are 
affected.     Metric  system. 

Algebra:  Monomials,  pohTiomials;  addition,  subtraction,  multiplication,  and  divi- 
sion of  monomials  and  of  polynomials.  Equations  of  the  second  degree  in  one  un- 
known. Simple  equations  which  are  equivalent.  (The  theory  of  imaginaries  is  not 
developed.)  Problems  of  the  first  and  second  degree.  Arithmetic  progressions. 
Geometric  progressions.     Common  logarithms.     Compound  intercut,  annuities. 

Trigonometry:  Circular  functions.  Addition  and  su|jtraction  of  arcs.  Multiplica- 
tion and  di\'i3ion  by  2.  Resolution  of  triangles.  Applications  of  trigonometry  to 
various  questions  relative  to  the  elevation  of  planes.  (The  con.st ruction  of  the  trigo- 
nometric tables  is  not  to  be  considered.) 

Geometry:  Inversion.  Applications.  Peaucellier's  cell.  Polar  of  a  point  with 
respect  to  a  circle.     Polar  plane  of  a  pxjint  with  respect  to  a  .><phere.     ilyjxrbola: 
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Trace,  tangent,  asymptotes;  simple  problems  on  tangents.  Equation  of  a  hyperbola 
with  respect  to  its  axes.     Plane  sections  of  a  cone  and  of  a  cylinder  of  revolution. 

Vectors:  Projection  of  a  vector  on  an  axis;  linear  moment  with  respect  to  a  point; 
moment  with  respect  to  an  axis.  Geometric  sum  of  a  system  of  vectors;  resultant 
moment  with  respect  to  a  point.  Sum  of  the  moments  with  prospect  to  an  axis. 
Application  to  a  couple  of  vectors. 

Descriptive  geometry:  Rabatting.  Change  of  plane  of  projection;  rotation  about  an 
axis  perpendicular  to  a  plane  of  projection.  Application  to  distances  and  angles; 
distance  between  two  points,  between  a  point  and  a  line,  between  a  point  and  a  plane; 
the  shortest  distance  between  two  lines  of  which  one  is  vertical  or  at  right  angles  to 
the  plane,  or  of  two  lines  parallel  to  the  same  plane  of  projection;  common  perpen- 
dicular to  these  lines.  Angle  between  two  lines;  angle  between  a  line  and  a  plane; 
angle  between  two  planes. 

Kinematics:  Units  of  length  and  of  time.  Motion.  Relative  motion.  Trajectory 
of  a  point.  Examples  of  motion.  Rectilinear  motion;  uniform  motion;  velocity,  its 
representation  by  a  vector.  Varied  motion,  mean  velocity;  velocity  at  a  given  in- 
stant, its  representation  by  a  vector;  mean  acceleration;  acceleration  at  a  given  in- 
stant; its  representation  by  a  vector.  Uniformly  varied  motion.  Curvilinear 
motion.  Mean  velocity,  velocity  at  a  given  instant  defined  as  vectors.  Algebraic 
value  of  velocity.  Hodograph.  Acceleration.  Uniform  circular  motion,  angular 
velocity;  projection  on  a  diameter.  Simple  oscillation  in  a  line.  Change  of  the 
system  of  comparison.  Resultant  of  velocities.  Examples  and  applications.  (Purely 
geometrical  applications  are  not  to  be  insisted  upon.)  Geometrical  study  of  the  helix. 
Helicoidal  motion  of  a  body.     Screw  and  nut. 

Dynamics:  Work  of  a  force  applied  to  a  material  point.  Unit  of  work.  Work  of  a 
constant  force,  of  a  variable  force.  Elementary  work,  total  work.  Graphical  evalua- 
tion. Work  of  the  resultant  of  several  forces.  Theorem  of  forces  acting  on  a  material 
point.     Simple  examples. 

Cosmography:  Moon.  Apparent  proper  motion  on  the  celestial  sphere.  Phases. 
Rotation.     Valuation  of  the  apparent  diameter.     Eclipses  of  the  moon  and  of  the  sun. 

n.  EXAMINATIONS  IN  THE  CONCOURS, 

(1)   Written,  1914. 

Mathematiques  Elementaires. 

(June  30.    Time,  7  hours:  7  a.  m.  to  2  p.  m.) 

Let  A^,  A^,  Ay,  A^,  be  the  four  vertices  of  a  tetrahedron  T.  Let  a,  j  represent  the 
length  of  an  edge  A^A^  and  0,.]  the  middle  point  of  this  edge.  Denote  also  by  (A,  B) 
the  sphere  described  on  any  segment  AB  as  diameter. 

1.  Calculate  one  of  the  geometric  products  '  of  two  opposite  edges  of  T  as  a  function 
of  the  edges  of  the  tetrahedron.  Find  the  relation  which  exists  between  three  of 
these  products  with  respect  to  the  three  pairs  of  opposite  edges. 

2.  Find  the  relation  which  must  subsist  between  the  lengths  of  the  edges  of  T  in 
order  that  the  two  lines  O1.2O3.4  and  O^.^O^i  should  be  at  right  angles. 

3.  Suppose  d  is  the  distance  between  the  radical  planes  of  each  of  the  spheres  (^,, 
A^),  {Ay,  A^  and  of  the  sphere  {0-^..2,0y.i).  Let  d'  and  d'^  be  the  analogous  corre- 
sponding distances  in  connection  with  the  two  other  pairs  of  opposite  edges  of  the 
tetrahedron.  It  is  required  tolind  the  relations  which  must  subsist  between  the  edges 
of  the  tetrahedron  in  order  that  d=d^=d^\ 

Three  vertices  of  such  a  tetrahedron  being  given,  find  the  geometric  locus  of  the 
fourth  vertex.     Discuss. 

1  It  is  recalled  that  the  geometric  product  of  two  vectors  AB,  CD  is  the  product  of  the  lengths  of  these 
vectors  and  of  the  cosine  of  the  angle  between  them.    . 
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4.  Being  given  any  point  J/,  draw  the  two  bisectors  of  the  angle  ^, -V.lj.  Let  i/,j 
he  the  middle  of  the  segment  cut  by  these  bisectors  on  the  lino  AiA^;  there  are  six 
points  w,_, .  Demonstrate  that  these  six  points  are  in  the  same  piano  r  which  may  be 
asstxiatod  with  the  point  if.  Conversely,  anyphino  ir  being  given,  one  may  estal)lish 
a  correspondence  of  this  kind  with  two  pt>iiits  J/ and  .1/'  which  are  themselves  lusso- 
ciated.  \\liat  position  must  be  given  to  the  plane  t  in  order  that  the  corresponding 
points  if  and  -V  fall  together?  How  must  the  plane  r  be  displaced  when  a  corre- 
sponding point  if  iloscribes  a  circle  the  plane  of  which  passes  through  the  center  of 
the  sphere  circumscribed  about  the  tetraliedron? 

5.  Given  a  tetrahedron  T,  construct  a  point  M,,  coincident  with  its  associate  and 
situated  at  the  same  distance  from  the  three  vortices  A,,  A^,  Aj. 

Find  the  surface  .S,  locus  of  the  vertex  .l^  when  Tis  deformed,  -1,,  A,,  ,-lj  remaining 

fixed  and  the  ratio  'i/-r  preserving  a  constant  value  k. 

Let  I)  be  any  line  p;issing  through  .1,.  Construct  the  points  of  iinir-cction  of  D 
and  of  X,  and  lind  the  locus  of  the  lines  IJ  taiiu'ont  to  S  and  the  locus  of  the  point 
of  contact.' 

Mathematiques  Speciales. 

(July  1.    Time,  7  hours:  7  a.  m.  to  2  p.  m.) 

Given  a  hyperboloid  of  one  sheet  whose  equation,  with  respect  to  its  axes,  is 

ri       yJ       2* 

—  4-^—- 1  =  0 

\.  There  exist  two  families  of  such  hypcrboloids  susceptible  of  being  generated  by 
the  intersection  of  planes  at  right  angles  to  one  another  pixssing  respectively  through 
two  fixed  lines;  we  may  pass  from  a  hyperboloid  Hoi  the  first  family  to  a  hyperboloid 
//'  of  the  second  family  by  rotation  through  a  right  angle  about  Oz. 

Let  Z^,  A  be  the  fixed  lines  with  respect  to  //;  D',  A'  the  fixed  lines  with  respect 
to  ll'\  find  the  surface  loci  of  D,  A  and  of  Z)',  A'',  when  X,  ti,  vary,  p  remaining  fixed. 

There  exist  planes  P  parallel  to  the  plane  xOy  cutting  these  surfaces  in  two  curves 
which  have  a  common  point  A  situated  on  Oz,  and  a  common  real  point  B  situated 
in  the  trihedral  IJjcyz;  evaluate  the  area  bounded  by  the  arcs  Ali  of  the  two  curves, 
also  the  volume  generated  by  this  area  when  the  plane  P  has  one  coordinate  {cote) 
varying  from  r,  to  Zj. 

IL  With  a  hyperboloid  //,  of  the  first  family,  a  correspondence  may  Ije  established 
with  an  infinite  number  of  byperboloids  of  the  second  family  such  that  the  fixed 
lines  with  respect  to  //,  and  the  fixed  lines  with  respect  to  one  of  these  latter  form 
a  gauche  qua<lrilateral:  let  If,  be  such  a  hyperboloid:  7^,,  A,,  and  />j,  Aj  the  fixed 
lines  with  reference  to  //,  and  //^  respectively;  ABCD  the  qua<lrilateral  formed  by 
these  line.*?;  show  that  the  hyperboloid  i/j  generatcnJ  by  the  intersection  of  two  planes 
cutting  at  right  angles  and  passing  respectively  through  the  diagonals  of  the  quad- 
rilateral ABCD  ai){H'rtains  to  the  linear  |ioint  [M-ncil  define<l  by  //,  and  Z/^,  that 
the  feet  a,  b,  c,  d  of  the  altitudes  Aa,  Bb,  l.'c,  l>d  ui  the  tetrahedron  ABCD  are  on  the 
curve  of  the  pencil  and  that  the  lines,  other  than  the  altitudes,  which  join  the  p<jinta 
A,  B,  C,  D  to  the  points  a,  b,  c,  d  are  on  a  hyperboloid  //,,  ff^,  or  //j. 

III.  The  hyperboloid  //,  being  given,  through  a  pjint  -i  in  space  one  may  pa.'w 
two  byperboloids  Z/j  of  the  second  family  defined  as  has  been  indicaled  (II);  on  what 
surface  S  must  A  be  found  in  order  that  these  hypcrboloids  Jfj  coincide?  So  also 
through  the  point  A  one  may  pa.ss  two  hypcrboloids  Z/j  defined  as  in  (II);  on  what 
surface  5'  must  A  be  found  in  order  that  these  hypcrboloids  11^  coalesce? 

Show  that  7/,  cuts  .S  and  S'  alone  the  same  curve  C,  and  that  the  intersection  of 
5  and  S'  is  composed  of  the  curve  C  and  an  imaginary  curve. 

■  Tbese  questioiu  are  solved  in  Xouiellu  A  njiaUi  de  Sfathemaiiquu,  tome  73,  oct.-nov.,  1914,  pp.  491-o05. 
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IV.  Construct  the  projection  T  on  the  plane  xOy  of  the  curve  C;  show  that  T  is 
the  envelope  of  circles  orthogonal  to  a  fixed  circle  and  find  the  locus  of  the  centers 
of  these  circles. 

Find  the  locus  of  the  middle  points  of  the  chords  of  the  curve  r  which  passes 
through  the  origin.^ 

CoMPOswnoN  ON  A  Subject  of  Analysis. 

(July  3.    Time,  7  hours:  7  a.  m.  to  2  p.  m.) 

Being  given  three  rectangular  axes  of  coordinates  Oxyz,  consider  the  total  differ- 
ential equation  (1)  a'^y^dx-\-{z—a^y^)dy—y(h=0  where  a  denotes  a  given  constant. 

I.  Determine  the  surfaces  ^hat  are  solutions  of  the  equation  (1).  These  surfaces 
S  are  ruled ;  study  their  lines  of  striction  and  their  asymptotic  lines. 

For  each  asymptotic  line  of  a  surface  S,  express  the  torsion  as  a  function  of  the 
angle  which  the  binormal  makes  with  the  axis  Oz. 

II.  The  surfaces  S  all  satisfy  a  partial  differential  equation  of  the  first  order  (E) 
independent  of  the  numercial  value  of  the  constant  a.  Indicate  how  one  may,  by 
means  of  the  surfaces  S,  generate  all  the  surfaces  S  that  are  solutions  of  this  equation. 

The  surfaces  2  contain  in  general  the  axis  Ox;  determine  the  exceptional  surfaces 
which  do  not  contain  it  and  indicate  their  nature. 

III.  Demonstrate  that  the  characteristic  curves  of  the  equation  (E)  are  the 
asymptotic  curves  of  the  different  surfaces  S,  and  that  they  form  one  of  the  families 
of  asymptotics  of  the  surfaces  S.  Prove  that  they  can  be  obtained  as  contact  curves 
of  the  surfaces  2  with  the  right  conoids  having  for  axes  the  parallels  to  Oz  meeting  Ox. 

IV.  Determine  the  second  family  of  asymptotic  lines  of  the  surfaces  S.  Prove 
that  the  curves  of  this  second  family  can  be  obtained  as  curves  of  contact  of  the  sur- 
faces S  with  the  right  conoids  having  for  axes  the  parallels  to  Ox  meeting  Oz. 

Determine  the  ruled  surfaces  2  which  are  distinct  from  the  surfaces  S.  Indicate 
their  nature. 

V.  Suppose  Tis  a  surface  enjoying  the  property  that  one  of  its  family  of  asymptotic 
lines  is  formed  from  the  curves  of  contact  of  T  with  the  right  conoids  having  for  axes 
the  parallels  to  Ox  meeting  Oz.  Prove  that  the  sm-face  T  either  is  a  ruled  surface  with 
director  plane  parallel  to  the  plane  yOz,  or  else  satisfies  a  partial  differential  equation 

of  the  form  (E^  F{z~qy,  py)  =0,  (^p=j|,3=^^. 

Show  that  in  the  second  case  the  asjonptotic  lines  of  the  other  family  are  character- 
istics of  the  equation  (E^)  satisfied  by  the  surface  T,  and  that  these  lines  can  be 
obtained  as  curves  of  contact  of  the  surface  T  with  the  right  conoids  having  for  axes 
parallels  to  Oz  meeting  Ox. 

If  two  surfaces,  of  which  each  satisfies  an  equation  of  the  form  (£"),  are  tangent  in 
a  point,  they  have  at  this  point  the  same  total  ciuvature.^ 

Mechanics. 

(July  4.    Time,  7  hours:  7  a.  m.  to  2  p.  m.) 
Motion  of  a  viarhle  in  a  basin. 

A  homogeneous  spherical  marble  is  let  go  without  initial  velocity  on  the  interior 
hemispherical  surface  of  a  fixed  basin  of  which  the  axis  of  symmetry  is  vertical  and 
which  is  concave  upward. 

Required  to  study  the  motion  of  the  marble  on  the  basin. 

In  particular  solve  the  following  questions  concerning  this  motion: 

1  These  questions  are  solved  in  Nbuvelles  Annales  de  Mathimatiques,  tome  74,  jan.  1915,  pp.  15-29. 
s  Idem,  tome  73,  d<5c. ,  1914,  pp. 539-547. 
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I.  Suppose  first  that  the  marble  can  be  concentrated  at  a  material  pwint  A. 

1.  Indicate  the  nature  of  itd  motion  when  the  bodies  in  contact  are  perfectly 
smooth. 

2.  Consider  then  the  cai^:•  where  the  coefhcient  of  friction /of  the  marble  on  the 
basin  is  not  negligible.  Determine  first  the  condition  of  equilibrium  for  an  initial 
determinate  position  A^  of  A.     (Denote  by  ^j,  the  initial  value,  comprised  between 

Oand',  of  the  angle  <t>  of  OA  with  the  downward  vertical  OZ).     When  this  condition 

ia  not  satisfied,  the  point  .1  is  changed  for  a  time  in  a  det«rniinate  sense  on  a  circle  /". 
For  the  monient  confine  the  calculation  to  that  of  the  expression  for  the  velocity  v 
of  .<4  as  a  function  of  the  angle  <t>  during  this  interval  of  time  T. 

II.  Then  solve  the  same  questions  in  the  case  where  the  radius  r  of  the  marble  is 
not  negligible. 

* -P. '^ 


But  when  the  slipping  friction  is  appreciable,  confine  the  attention  (neglecting  the 
rolling  friction)  to  the  case  where  the  marble  rolls  without  slipping  from  the  initial 
instant.  Show  that  for  a  given  initial  position,  A^,  of  the  center  A  of  the  marble  this 
condition  is  necessarily  produced  if  the  coefficient  of  friction /is  sullicienlly  large. 
(In  this  case  call  u-  the  velocity  of  .4,  and  12  the  instantaneous  velocity  of  rotation  of  the 
marble.) 

III.  Find  an  appro.ximate  value  of  -j,  xr  and  v  being  calculated  for  the  same  p>o8ition 

of  OA,  very  near  to  the  common  initial  position  OA^  and  for  the  same  value  of  the 
coefficient/,  when  the  radius  r  which  enters  in  (('■'  is  very  small. 

IV.  In  a  general  manner,  compare  the  results  obtainixl  in  raragraph  I  with  those 
of  Paragraph  II  when  the  radius  r  of  the  niurble  tends  toward  zero,  and  the  values 
of  <t>^  and  of/(zero  or  not )  remain  the  same.  It  is  noted  that  these  results  are  different; 
indi(-ate  in  a  few  words  the  origin  of  thi.s  paradox. 

V.  Retuni  to  th<-  cas«'  where  the  marble  is  re<luced  to  a  material  p<jint.  Show  that 
during  the  inU-rval  of  time  T  the  vel<xity  i  of  the  marble  supposed  rough  is  less  than 
that,  V,  which  it  p..-is<-sse9  if  it  were  smotith  when  it  passes  through  the  same  point, 
starting  from  the  same  initial  position  .-1^. 

VI.  Then  continue  the  study  of  the  motion  of  the  marble  reduced  to  a  material 
point  and  indicate  the  various  circumstances  which  can  present  themselves  according 
aa  the  value  of /and  the  position  of  A^,  (without  now  limiting  ourselves  to  the  caae 
where  the  interval  of  lime  T  when  the  velocity  of  A  does  not  change  the  sense). 


264        TEACHERS   OF    MATHEMATICS   f'OR   SECONDARY   SCHOOLS. 

VII.  In  particular,  indicate  what  happens  when  the  value  0^  is  taken  equal  to 
32*^,  then  to  60°,  the  coefficient  of  friction  having  in  the  two  cases  the  value  0.75, 

then  the  value  -^■ 

Notation:  Call  p  the  interior  radius  of  the  basin,  0  its  center  and  mg  the  weight 
of  the  marble.     It  will  possibly  be  found  useful  to  set  tan  5=/ and  tan  0^=2/. 


Of  the  candidates  who  took  the  previous  examinations,  29  were  declared  by  the 
jury  to  be  admissiblcs.     Further  test  of  each  of  these  by:  (1)  A  numerical  calculation; 
(2)   a  problem  in  descriptive  geometry  {epure);  and  (3)  an  oral  "lesson"  occurred  on 
August  21,  1914.     Tliis  resulted  in  the  final  selection  of  15  agr^g^a. 
The  members  of  the  jury  for  the  entire  examination  were; 
Niewenglowski,  inspector  general  of  public  instruction,  president. 
Blutel,  insp3ctor  general  of  public  instruction,  vice  president. 
Cartan,  professor  at  the  University  of  Paris. 
Frechet,  professor  at  the  University  of  Poitiers. 
Grevy,  professor  at  Lycee  St.  Louis. 
In  1910  the  numerical  calculation  and  6pivce  were  as  follows: 


Numerical  Calculation. 


Calculate  the  integral 


-rx 


100-10cosa\2 
101-20cosay  ^" 


The  direct  method  of  primitive  functions  should  be  employed  and  it  should  be 
compared  with  the  results  obtained  by  the  methods  of  approximate  integration. 
Indicate,  in  each  of  these  methods,  the  number  of  significant  fig'ores  that  are  deter- 
mined with  certainty. 

Descriptive  Geometry  (epure). 

A  parabola  P  situated  in  a  horizontal  plane  has  for  horizontal  projection  a  parabola 
of  which  the  focus  is  96  mm.  to  the  left  of  the  major  axis,  and  60  mm.  below  the  minor 
axis  of  the  sheet;  its  vertex  is  102  mm.  to  the  left  of  the  major  axis  and  54  mm.  below 
the  minor  axis. 

A  frontal  line  D  is  inclined  at  45*^  to  the  horizontal  plane  and  it  rises  from  right  to 
left;  it  passes  through  the  point  of  the  horizontal  plane  of  projection  situated  at  130  mm. 
to  the  right  of  the  major  axis  and  96  mm.  below  the  minor  axis  of  the  sheet.  This  line 
is  met  by  the  parabola  P  in  a  point  situated  to  the  right  of  the  profile  plane  which 
contains  the  major  axis  of  the  sheet. 

Consider  the  parabolic  segment  bounded  by  the  arc  of  the  parabola  P  which  con- 
tains its  vertex  and  by  the  parallel  to  the  ground  line  distant  144  mm.;  required  to 
represent  in  vertical  projection  only  the  solid  generated  by  the  rotation  of  this  segment 
about  the  line  D. 

Take  the  minor  axis  of  the  sheet  for  ground  line. 

Subjects  op  the  "Lessons"  in  1910. 
(/)  In  Mailiematiques  Elementairea. 

Solution  of  triangles. 

Symmetry  with  respect  to  a  point.' 

Symmetry  with  respect  to  a  line. 

Symmetry  with  respect  to  a  plane. 

(ix-\-  h 
Variation  of    ,    .,,;  graphic  representation  (program  of  second e). 


(As  in  the  classe  de  premiere.) 
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Supplementary  trihedral  anfjles.     Applicatious. 

Rabattments.     Applications. — Angle  between  two  lines,  angle  between  a  line  and  a 

plane,  angle  between  two  phines. 
Conversion  of  an  ordinary   fraction  into  a  dcciiiial   fraction.     Hepcating  fractions. 

(Math^niatitjuos  A.t 
Volume  of  parallelepipeds  and  prisms.     (Do  not  consider  the  truncated  pyramid  or 

the  truniatiil  prism.)     (rrenii^re.) 
Plane  sections  of  a  cone  of  revolution.     (Dandelin's  method.) 
nomothetic  polyhedra.     Sijnilar  polyhedra.     (Premiere.) 
Relation  between  the  coefficients  and  the  roots  of  the  equation  of  the  second  degree. 

Applications. 
Summary  of  notions  on  the  symiiutries  of  the  cube  and  of  the  regular  oclaJiedron. 
Tangents  to  a  hyperbola.     Asymptotes.     Simple  problems  on  tangents. 
Notion  of  the  derivative,  geometrir  significance  of  the  derivative. 
Application  to  the  variation  of  simple  functions.     (Program  of  uecoude.) 
Homothety  in  plane  geometry. 
Inversion  (in  a  plane  and  in  space).     Applications. 
Motion  of  the  moon.     Phages. 
Problems  of  the  second  degree.     (Math^matiques  A.) 

(f )  In  MathemaliqufS  SpiciaJea. 

Small  oscillations  of  a  pendulum  without  friction:  IsochronLsm. 

Asymptotes  in  polar  coordinates;  position  of  the  curve  with  respect  to  it."  asymptotes. 

Theory  of  envelopes  in  piano  gcomotry. 

Normals  to  the  ellipsoid. 

Curvature  of  phrne  curves.     Evolutcs.     Examples  (rectilinear  coordinates). 

Motion  of  a  point  under  the  action  of  a  force  issuing  from  a  fixed  center  and  proportional 

to  the  distance. 
Motion  of  a  heavy  particle  on  an  inclined  plane  with  or  without  friction,  the  initial 

velocity  being  zero  or  directc'd  along  the  line  of  greatest  slope. 


Number  e.     Limit  of 


(■+s)' 


Series  of  positive  terms.     Criteria  of  convergence  and  divergence  derived  from  study 
of  the  expressions: 

— '^,  "-y^i  "Wn'';  numerical  exiunplea. 

Complex  numbers.     a-\-hi.     Addition,  subtraction,   multiplication,  division.     fJeo- 

metric  representation. 
Use  of  the  derivative  for  the  study  of  the  variations  of  a  function;  maxima  ami  minima. 

Numerical  examples. 
Developments  into  series.     Applications  to  the  series  of  the  binomial  and  of  arcs  in  x. 
Motion  of  a  point  attracted  by  a  fixed  center  in  a  ratio  inversely  as  the  square  of  the 

distance. 
Construction  of  a  curve  (p=/(w) )  in  polar  coordinates.     (It  should  be  assumed  that  the 

lessons  on  tangents  and  asymptotes  have  been  given.) 
Discussion  of  the  commensurable  roota  of  an  equation  with   integral  coefficients. 

Examples. 
Multiplication  of  series.     Application.'. 

Power  series.     Intervals  of  convergence.     Differentiation.     Integration. 
Intersection  of  a  surface  of  revolution  and  a  cone. 
Trigonometric  solution  of  the  binomial  ecjuation. 
Infinite  branches  in  the  intersection  of  cones  and  cylinders.     (Descriptive  geometry  ) 
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Intersection  of  two  .surfaces  of  revolution  of  which  the  axes  are  in  the  same  plane. 
Symmetric  and  rational  functions  of  the  roots  of  an  algebraic  equation. 


The  jury  for  the  concours  of  the  agr^gation  in  1910  consisted  of: 

Niewenglowski,  inspector  general  of  public  instruction,  president. 
'    Hadamard,  professor  at  the  College  de  France,  vice  president. 

Combette,  inspector  general  of  public  instruction. 

Gr^vy,  professor  at  Lyc^e  St.  Louis. 

Husson,  professor  at  the  university  of  Caen. 
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Morant,  Paris,  contained  the  6preuves  Veritas  and  subjects  of  the  "Lessons"  for  the  Agr^gation  des  Sciences 
Mathpmatiques  of  the  year. 

Published  solutions  of  some  of  the  questions  of  the  agr^gation  during  the  four  years  1910-1913  may  be 
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Agrigation  i9/0.— Composition  in  Math.  El^m.:  Journal  de  Math.  Elem.,  aim^e  35,  mai,  1911,  pp.  121-124; 
Composition  in  Math.  Spec:  (1)  Rev.  de  Math.  Spec.,  annee  21,  juin,  1911,  pp.  214-221;  (2)  Nouv.  Annates 
de  Math.,  tome  70,  Janvier,  1911,  pp.  72-80;  Composition  in  Analyse:  Nouv.  Amiales  de  Math.,  tome  70, 
Janvier,  1911,  pp.  21-39. 

Agregation  /9/ J. —Composition  in  Math.  Elem.:  (1)  Journal  de  Math.  JLlem.,  armde  36,  juin,  1912,  pp. 
137-140;  (2)  Nouv.  Annates  de  Math.,  tome  70,  aullt,  1911,  pp.  358-373;  Composition  in  Math.  Sp6c.:  Revue 
de  Math.  Spec,  ann^e  22,  juin,  1912,  pp.  512-518;  6puie:  Revue  de  Math.  Spec,  ann(5e  22,  aofit,  1912,  pp.  576- 
578;  Composition  in  Analyse:  Nouv.  Annates  de  Math.,  tome  71,  mai,  1912,  pp.  231-240;  Composition  in 
miScanique:  Nouv.  Anmiles  de  Math.,  tome  71,  d(5cembre,  1912,  pp.  549-567. 

Agregation  /9^i?.— Composition  in  Math.  El^m.:  (1)  Journal  de  Math.  Elem.,  ann^e  37,  juin,  1913,  pp. 
149-154;  (2)  Nouv.  Annates  de  Math.,  tome  71,  d6cembre,  1912,  pp.  506-528;  Composition  in  Math.  Sp&.: 
Revue  de  Math.  Spec,  ann^e  23,  sept.,  1913,  pp.  289-294;  Composition  in  Analyse:  Nouv.  Annates  de  Math., 
tome  72,  juli,  1913,  pp.  316-323. 

Agregation  /9/3.— Composition  in  Math.  Elem.:  (1)  Jour,  de  Math.  Elem.,  ann^e  38,  juin,  1914,  pp.  141- 
144;  (2)  Nouv.  Annates  de  Math.,  tome  73,  i6.\.,  1914,  pp.  81-89;  ComiX)sition  in  Math.  Sp6c.:  (1)  Revue  de 
Math.  Spec,  ann(5e  24,  juU,  1914,  pp.  553-558;  (2)  Nouv.  Annates  de  Math.,  totoe  73,  juU,  1914,  pp.  316-324; 
Composition  in  Analyse:  Nouv.  Annates  de  Math.,  tome  73,  Jan.,  1914,  pp.  26-34;  (Spreuve  pratique:  Revue 
deMath.  Spec,  ann^e  24,  juU,  1914,  pp.  559-561. 

The  programs  for  each  year  are  usually  pubhshed  during  the  preceding  July  in  the  Bulletin  administrati/ 
du  nunistire  de  I'insiruction  publique. 
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A.  REIKEPRiJFUNGEN. 

I.    WrUTTKMBKRO. 

Questions  of  a  (1)  GjTnnasium:    ('2')  Realgymnasium;    (3")  Ohprrralsrhule. 

(1)  GV.\fyAS[r-.\f: 

Aloebra  and  Trigonometry. 

1.  Two  places  M  and  \  are  119  km.  apart;    A  goes  from  M  to  A  and  travels  20  km. 

on  the  first  day,  18  on  the  second,  etc.,  B  starts  from  A'  tow-ard  J/  two  days  after 
A's  departure  and  travels  10  km.  on  the  first  day,  13  km.  on  the  bocond,  etc. 
When  and  where  do  they  meet  each  other? 

2.  Solve: 

X  -y  =1-2. 

3?-y>=i^  (l-r»). 

3.  A  certain  capital  brought  A\  per  cent  interest,  and.  although  420  marks  were  annu- 

ally withdrawn,  was  doubled  in  18  years.     How  large  was  the  cajntal? 

A.  Solve  the  triangle  given 

a=450.34,  p=92.45,  Pa=367.52. 
[p  is  the  radius  of  the  inscribed  circle  and  Pa  the  radius  of  the  escribed  circle 
opposite  the  angle  A.] 

Plane  and  Solid  Geometry. 

1.  Construct  a  triangle  given  h^,  'o  and  the  condition  that  the  projection  of  /„  nn  a 

is  equal  to  h  —  c.  [/ia=altitude  of  triangle  from  angle  -i;  /u  =  lenglh  of  the  median 
from  the  angle  .4.] 

2.  On  a  given  line  segment  o,  draw  two  similar  rectangles  such  that  the  portimi  of 

one  outside  the  other  is  a  square. 

3.  On  a  given  line  segment  AB  &  semicirclp  i.s  de.acribed.     Kind  a  point  A'  f>n  the  di- 

ameter AB  produced  and  a  point  Y on  the  tangent  at  A  such  (bat  A'}'  i."  divided 
by  the  semicircle  into  three  equal  part". 

4.  A  given  rectangle  ABCD  rotates  about  the  side  AB  as  axis.     It  is  required  to 

dinde  the  rectangle  into  three  part.*'  by  line.o  «lrawn  from  D  such  that  the  solids 
generated  by  these  parts  shall  have  equal  volumes. 

(2)  REALGYMNASIUM: 

IIioHER  Analysis. 


1.  Find  the  value  of  "^^j^  ^   •  for  a:=0. 
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2.  The  total  surface  of  a  cylinder  is  924  square  meters.     WTiat  must  be  its  height  and 

the  length  of  the  radius  of  its  base  in  order  th&t  the  cylinder  should  have  a  maxi- 
mum volume? 

3.  For  the  curve  y=x'^(3—x)  determine  the  maxima  and  minima  points  and  point  of 

inflexion,  also  the  equation  of  the  inflexional  tangent.     Graph  the  curve.    Cal- 
culate the  area  between  the  curve  and  the  positive  x— axis. 

4.  Determine  the  area  bounded  by  the  curves: 

2/2=-|(z-8)  and  (x+4)  (y+3)=36, 
and  lying  within  the  first  curve. 

Analytic  Geometry. 

1.  Through  the  vertices  5,  and  B^  of  the  minor  axis  of  an  ellipse  and  a  focus  Fi  a 
parabola  is  drawTi  whose  axis  coincides  with  the  major  axis  of  the  ellipse,  (a) 
Find  the  equation  of  the  parabola;  (b)  Construct  the  tangents  to  the  parabola  at 
B,  or  B2  and  find  their  equations. 


The  tangent  to  the  ellipse 


n2"rw— -I- 


at  a  point  P  meets  the  F-axis  in  Pj!  and  the  normal  at  P  meets  it  in  Pj.  One 
focus  F^  is  joined  to  Pj,  the  other  to  Pj.  WTiat  is  the  geometric  locus  of  the 
point  of  intersection  of  P,  P,  and  P,  P2?     (P,  and  F.,  on  the  X-axis.) 

3.  Consider  whether  or  not  the  line  y=4x—2,     2=3x+2.     Cuts  the  circle 

x2+?/^+22=30. 
Sx-5y-\-z+2=0. 

4.  Given  a  sphere  with  center  at  the  origin  and  radius  equal  to  5.     A  cylindrical  sur- 

face tangent  to  this  sphere  is  described  with  generating  line  parallel  to  the  line. 

y=2x,  z=5x. 

Find  the  equation  of  the  cylindrical  surface. 

(3)  OBERREALSCEULE. 

Descriptive  Geometry. 

A  sphere  is  surrounded  by  a  plane  concentric  ring  (Saturn);   the  plane  of  the  ring 
is  parallel  to  the  horizontal  plane.     Construct  the  shadow  of  the  sphere  on  the  rin^ 
the  shadow  of  the  ring  on  the  sphere;   the  shadow  of  the  sphere  on  itself,  the  shadow 
of  the  whole  system  on  the  horizontal  plane.     (The  light  comes  from  above  to  the  left 
and  is  parallel  to  the  vertical  plane.)     The  various  measurements  are  supposed  ^iven. 

Trigonometry. 

1.  In  a  place  A,  whose  eastern  longitude  is  X=9°  59',  it  was  observed  on  the  19th  of 

June  that  the  sun  rose  at  24  minutes,  8  seconds  past  4  (middle  European  time)  and 
culminated  at  48  minutes,  14  seconds  past  5  (star  time) .  Hence  determine  the 
geographical  latitude  of  ^,  the  M.  E.  T.  of  sunset,  and  the  declination  of  the  sun 
if  the  time  equation  is  +0'  24'^;  and  the  inclination  of  the  ecliptic  is  €=27°  27'  W. 

2.  If  a4-/3+7+5=360°,  change  the  expression. 

cot|+cot|+cot|+cot| 
into  a  product  in  which  S  is  lacking. 
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Phybics. 

CMsthpmatical  qtiostioas  only.) 

1.  A  facton,"  power  ranal  2  niotcrs  liroad  and  1  m.  deep  is  closed  by  a  heavy  lock,  of 

weipht  rr'=ll()  V.^..  and  raised  upward.  How  many  horst-power  must  an  electric 
motor  poev-*es8  in  order  to  raise  the  gat«  entirely  out  of  the  water,  in  t=3  seconds, 
the  coefficient  of  friction  of  the  pate  beine  f=0.2. 

2.  A  plane  convex  lens  stands  centered  opposite  a  telescope  focused  to  inlinity.  and 

with  its  plane  surface  next  the  telescope.  A  luminous  point  lying  on  the  other 
side  of  the  lens,  on  its  axis,  is  clearly  seen  in  the  telescope  if  it  is  at  a  distance 
/=16  3  from  the  vertex  of  the  curved  surface  of  the  lon.s  What  nis^ilicanco 
has  /  for  the  lens?  How  can  the  radius  of  curvature  and  the  position  of  the  prin- 
cipal points  be  calculated  from  this,  if  the  thickness  of  the  lens  is  d=0.6  cm. 
and  tlie  refraction  quotient  is  1.53? 

II.  Hamburg. 

(1)  WILUELM  GYMNASIUM.     Spring.  1909. 

1.  An  ellipse  with  semi-axes  a=7,  6=5  cm.  is  rotated  about  (t),  the  axis  2a  (to),  the 

axis  26.  and  (,ni).  a  tangent  parallel  to  a.  Compare  the  volumes  of  the  three 
surfaces  of  revolution  with  one  another. 

a-\-x' 

2.  Given  the  function  y=log  -91  — • 

Find  the  first  and  second  derivatives,  and  the  value  of  x  for  which  the  function 
is  a  minimum. 

3.  A  square  pjTamid  is  to  be  circumscribed  about  a  sphere  of  radius  r,  so  that  ita 

volume  shall  be  a  minimum.  What  are  the  lengths  of  the  edge  of  the  pyramid 
and  of  a  side  of  the  square  base? 

4.  How  high  is  the  sun  on  the  longest  day  in  Hamburg  if  it  is  exactly  in  the  west  and 

at  what  time  (local  time)  does  this  occur? 


1. 


Sptcial  exercisci.^ 


2.  Integrate /e*.  tin  x  di. 

(2)  REALGYMNASIUM.     Spring.  1907. 

1.  ProjectiK  geometry:  The  vertices  .1  and  .1 ,  of  the  major  axis  of  an  ellipse  are  joined 

tea  vertex  B  of  the  minor  axis;  on  these  lines  BA  and  B^l,,  perpendiculars  are 
let  fall  from  the  points  D  and  />,,  in  which  a  movalde  tangent  to  the  ellipse  cuts 
the  tangents  at  the  vertices  -1  and  ,li.  Show  that  the  locus  of  the  point  of  inter- 
section A  of  these  perpendiculars  is  a  hyperbola,  of  which  the  asymptotes  are  the 
perpendiculars  through  -4  and  .4,  to  BA  and  BA^. 

2.  Analytic  gcomrtry:  Given  a  hyperbola  with  center  0  and  a  line  s  perpendicular 

to  the  transverse  axis  and  cutting  it  at  a  distance  c  from  0;  the  polar  of  a  point 
/*,  of  s  cuts  the  diameter  0  P,  in  A.     What  is  the  locus  of  A  aa  P,  moves  in  »? 

3.  Cubic  equation:  In  order  to  compare  the  specific  heat  of  copper  and  lead  one  wanta 

two  quantities  of  equal  superficial  area  and  weight.  If  a  quantity  of  leaJ  in  the 
form  of  a  cylinder  with  ends  rapped  by  two  hemispher«'B  is  availal)le,  then  a 
similarly  formed  copper  cylinder  with  hemispheres  capping  the  ends  must  be 


1  In  practice,  as  a  matter  of  tact,  solutions  of  special  exercises,  wtairb  are  ytry  little  harder  than 
others,  compensate  tor  (ailiire  in  one  of  the  requirci  questions.  Two  [iiultl&-<s  solutions  of  qii<>.stioas  axe 
usually  neccssfiry  and  sufficient  for  the  predicate  "  satiifactory."  For  "  very  good,"  four  solutions  with- 
out error  are  expected. 
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formed  such  that  its  weight  p=lG2wg  and  surface  0=27  tt  cm.^  are  equal  to  the 
piece  of  lead.     Determine  the  height  of  the  cylinder  and  the  radius  of  the  end 
hemispheres  if  the  specific  heat  of  copper  isd  g  cm.~^. 
4.  Differential  calculus:  The  curve 

4 

has  a  point  of  inflexion,  a  maximum,  and  a  minimum  point.  Determine  these 
points  and  draw  the  curve. 

■  •  Special  exercises. 

.  (i)  Solve  the  first  question  by  analytic  geometry. 
(m)  Solve  the  second  question  by  pure  geometry. 

(Hi)  The  intrinsic  equation  of  Van  der  Waals  is 

i?e=(p+5)  iv-b) 

where  p  is  constant  and  the  absolute  temperature  9  is  a  function  of  the  volume  v. 
For  what  value  of  v  has  the  corresponding  curve  an  inflexional  tangent?  What 
value  must  p  have  in  order  that  the  inflexional  tangent  be  parallel  to  the  axis 
of  volume? 

(3)  OBERREALSCIIULE  (one  of  four),  spring,  1907. 

1.  Through  a  payment  of  6,000  marks  a  man  30  years  of  age  purchases  life  insurance. 

How  much  is  this  insurance  on  the  basis  of  4  per  cent  interest  and  Schubert's 
table  of  vital  statistics?  What  age  must  the  man  reach  in  order  that  an  equal 
sum  would  be  paid  to  his  heirs  from  a  savings  bank  in  which  the  6,000  marks  at 
3i  per  cent  had  been  deposited  till  the  termination  of  the  contract? 

2.  What  regular  spherical  polygons  can  be  made  up  of  equilateral  triangles  and  how 

large  are  the  radii  of  the  inner  and  outer  tangent  circles  of  these  polygons? 

3.  Find  the  first  polar  of  the  curve 

2a;3+2.r2-8.-c-.;/+8=0 
with  respect  to  the  origin.     Draw  the  curve  and  discuss  it.     Find  its  intersections 
with  the  a:— axis  and  the  tangents  to  the  curve  in  these  points, 

4.  What  is  the  value  of  the  difference 

J  2  sinr  —  sin22; ,        I   2"cosx— tan  7r/4  ^ 
JL         cos  X  I  JL        sin  X 

Special  exercises. 

(a)  Find  the  locus  of  the  vertex  of  a  triangle  with  given  base  2  c  and  sides  of  given 
product  p^? 

(1)  What  is  the  form  of  this  locus  according  as  p  is  greater  than,  equal  to,  or  less 
than  c? 

Example  for  sketching:  c=3 

Pi=2V27  P2=  Vio;  P3=3 

(2)  In  what  case  is  there  a  double  point,  and  what  are  the  tangents  at  this  double 

point? 

(3)  Find  the  first  polars  of  the  point  at  infinity  on  the  base  of  the  triangle,  of  the 

point  at  infinity  on  the  perpendicular  bisector  of  the  base,  and  also  of  the 
middle  of  the  base  with  respect  to  the  locus  in  question.  Indicate  the 
significance  of  these  lines  for  the  locus,  and  draw  a  sketch  for  the  numerical 
values  c=3  and  p=2V2.  __ 
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(6)  Evaluate  the  intin,'ral 


/ 


(b+^b'+ac):e 

dx 

b:r 


B.  LEliUAMTSPlUJFUNClEN. 

WURTTEMBERG. 

/.  Qufstions  in  (he  Mathematics- riiijsirs  Division. 

lIlUHER    AlOEHRA. 

1.  Given  the  e<iuation 

whose  roots  are  all  different  from  one  another.  Find  the  equation  of  the  fourth  decree 
in  y,  which  is  satisfied  by  the  unsymmetric  functions  of  roots  y=x,+ij+J'j,  etc. 
Prove  that  the  discriminants  of  the  two  e<iuations  are  identical. 

2.  Acconlinp  to  the  general  interpolation  formula  find  an  int^ral  algebraic  func- 
tion tfx  (fourth  order  in  x).  wliich  for 

*  u  «u        I        J=0.  2,  3,     G,     9, 

takes  on  the  values  ^^^  q'  3-105 '  ^,3^' 

(Indicate also  a  second  method,  without  details;  evaluate  the  determinants  which 
hem  enter.)     Further  show  that  tin-  value  (/,  can  be  chan<,'iMl  into  an  "  Uberzweizahl," 

if  for  numbers  of  the  form  (  f  j  the  name  "Uber-r-Zuhl"  is  employed.     Writedown 

the  values  of  the  numbers  y_,  to  y,.  Further  calculation  of  y,  checked  by  these 
values;  calculation  of  the  sum  y_,  to  y,.     Checks. 

UlCJHEK    A.NALYSI.S. 

1.  Evaluate  and  give  the  geometric  meaning  of  the  double  int(^ral 

I    Vt^H  [Vx(4a-x)-yjc/y; 

give  a  plan  and  elevation  sketch. 

4.  DeriN-ation  of  the  properties  of  the  locarithm  and  of  the  exponential  function  in 
the  complex  field.     Give  three  examples. 

Analytic  (ikomf.tuy. 

1.  Discuss  the  curve 

i*-x^-2x»y»+2xV+JT/*-y*-2x«4-4x>y-4jry»4-2y*-4x»y+3zy»-y^=0. 

2.  Find  the  equation  of  the  tangent-surface  of  the  space  curve  x=X,  y=\',  z=X* 
and  determine  the  orthogonal  trajectories  of  the  tangents  on  the  surface.  Without 
calculation,  what  maybe  stated  with  reu'unl  to  the  lin<'S  of  curvature,  the  aHympl*)tic 
lines,  and  the  geodetic  lines  of  the  surface?  (If  time  is  lacking  it  is  only  necesijary 
to  write  the  differential  equation  of  the  trajectories.) 

Synthetic  Geometry. 

1.  Determine  the  center  of  a  hyperbola  given  four  |X)int8  and  the  direction  of  an 
asymptote. 

2.  To  four  planes  through  a  point  0.  no  three  of  which  cut  in  a  straiu'ht  line,  the 
normals  in  0  are  given.     How  may  the  normal  at  0  to  any  plane  through  0  be  con- 

101179°— 18 ^18 
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structed  through  simply  joining  and  intersection,  and  in  particular  without  the 
further  use  of  a  right  angle? 

Descriptive  Geometry. 

In  a  vertical  plane  of  projection  a  semi-ellipse  is  given,  of  which  the  shadow  is  a 
semicircle.  It  is  subjected  to  a  rotation  in  space  about  a  vertical  axis.  Construct 
the  normal  curve  and  the  meridian  of  the  surface  of  rotation  so  constnicted,  i.  e.,  the 
section  of  any  plane  (1)  perpendicular  to  the  axis  of  rotation  or  (2)  through  th(^  axis. 
(Suppose  the  proportions  given.)  Give  a  free  drawing  in  india  ink  of  the  two 
curves  sought,  also  a  short  description  of  the  corresponding  construction". 

Analytic  Mechanics. 

\.  On  three  mutually  perpendicular  weightless  sticks,  rigidly  fastened  together  at 
a  point  0,  "mass-points"  P,  Q,  R  are  placed  at  distances  a,  b,  c  from  0. 

The  system  is  turned  about  an  axis  through  0  which  at  a  given  instant,  when  the 
angular  velocity  is  co,  makes  angles  a,  /3,  y  with  the  three  sticks. 

How  great  is  the  vis  viva  of  the  turning  motion  of  the  system  at  this  instant?  Through 
what  single  force  at  0  and  what  pair  of  forces  (what  axis-moment)  may  the  three  cen- 
trifugal forces  be  replaced? 

Discussion  of  the  results  for  the  case  a=/3=y. 

2.  The  velocities  of  three  noncolhnear  points  of  a  rigid  l)ody  moving  with  freedom 
of  the  first  order,  are  given  for  a  certain  instant  as  vectors,  i.  e.,  in  size  and  direction. 
Show  how  to  find,  either  by  drawing  or  by  calculation,  for  the  same  instant:  (a)  the 
velocity  of  a  fourth  point  of  the  body,  also  considered  as  a  vector,  and  (6)  the  central 
axis  or  rotation  axis,  i.  e.,  the  locus  of  the  points  of  the  body  which,  for  the  instant, 
of  all  of  its  points  has  the  least  velocity. 

Trigonometry  and  Mathematical  Geography. 

1.  On  two  points  A  and  B  of  equal  height  and  25  meters  from  each  other  rests  a 
smooth  thin  band  of  steel  which  sags  50  centimeters  in  the  middle.  How  many  milli- 
meters (to  the  nearest  tenth  of  a  millimeter)  is  the  band  longer  than  25  meters? 

The  calculation  is  to  be  carried  through,  and  the  exactitude  of  the  result  proved, 
without  employing  any  tables.     (The  calculation  is  to  be  carried  through  in  numbers.) 

2.  On  a  simple  rod  standard  a  vertical  reference-plane  F  is  determined  by  a  strong 
white  endless  thread  passing  through  two  rings  0,  and  O2,  and  stretched  with  the 
help  of  a  hanging  stone  O3.  The  azimuth  of  the  two  directions  of  the  thread  differs 
by  exactly  180° .  The  azimuth  is  not  exactly  known,  but  it  corresponds  about  (accord- 
ing to  the  compass  within  5°)  to  the  prime  vertical. 

At  the  point  of  observation  (in  middle  Germany),  determining  the  northern  lati- 
tude 0  on  an  evening  toward  the  end  of  November,  18&5,  the  following  times  of  transit 
through  the  plane  of  the  thread  are  observed  in  siderial  time: 
7  Lyra  (about  westward)  S,=22''  29""  59% 
y  Andromeda  (about  eastward)  52=22'^  35™  45'. 
The  apparent  AR  [right  ascension]  and  5  [declination]  of  the  two  stars  on  the  evening 
of  observation  were : 

7  Lyra  a,  =  18'>  55™  2%  5i  =  4-32°  32^8, 
7  Andromeda  a2=l'>  57"  32%  52=-f41°  50M. 
What  is  the  northern  latitude  of  the  place  of  observation?    What  was  the  azimuth 
of  the  plane  of  the  thread?    What  kind  of  stars  are  to  be  chosen  for  such  determina- 
tion of  the  northern  latitude  by  transits  through  one  and  the  same  vertical  first  east- 
ward and  then,  westward?     Calculation  of  4>  in  numbers  is  desired. 
(The  candidate  is  allowed  a  logarithm  table.) 
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Theoretical  Physics. 

1.  Discussion  of  tho  physical  fouudations  of  the  Newtonian  definition  of  the  quan- 
tities  "force"  and    'mass." 

2.  Derivation  of  tlie  formula  of  an  adiabatic  curve. 

3.  Foundations  of  a  theory  of  plane  diffraction  gn^iting  for  parallel  light  rays. 

4.  How  and  with  what  exceptions  is  llelmholtz's  law  of  induction  derived  on  the 
basis  of  the  law  concerning  the  conservation  of  energy? 

//.  Mathrmatical  Qufitioiu  of  the  Chemistry-biology  DiiHsion. 

Algebra  and  Lower  Analysis. 

1.  A  merchant  buys  wares  for  a  certain  sum,  has  in  addition  5  per  cent  expenses, 
and  sells  them  again  f«r  5()  t  marks,  and  thereby  gains  a  twentieth  part  of  the  pur- 
chasing price.     What  did  this  amount  to? 

2.  A  left  a  fortune  of  ltX),000  marks.  From  this  his  children  must  receive  6,810 
marks  annually  for  10  years  from  the  first  payment  within  a  year  after  his  death. 
The  capital  after  10  years  is  to  be  devoted  to  school  purposes.  How  large  will  this 
amount  be? 

3.  Express  the  fraction  fj|  as  the  sum  of  two  positive  fractions  with  denominators 
13  and  23.     WTiat  are  possible  solutions? 

4.  In  the  equation  x*  —  llj^-\-px^+qx  —  60=0  the  root  2-|-i  is  given.  Find  the  other 
roots  and  the  coefficients  p  and  q.     (Check  by  means  of  Horner's  method). 

Differential  and  Integral  Calcttlus. 

Lim(f'-C"")^., 
■  x=0(i— sini) 

2.  Express  y=log  (i+Vl+^r*)  as  a  power  series  in  x  and  discuss  the  convergence  of 
the  series. 

3.  Ciiven  the  hyperl^ola  -^  —  fi  — 1=0. 

Through  the  oriirin  and  with  different  points  of  the  hyperbola  as  centers,  circles  are 
descrilicd       liiid  the  equation  of  the  enveiojie  of  these  circles. 

Elementary  (Jeometuy. 

1.  De8<'ril>e  a  circle  which  touches  a  given  line  in  a  given  point  P  and  cuts  a  given 
circle  A' at  the  ends  of  a  diameter.     (Analysi.s.  construction.  prf>of.) 

2.  Given  a  jwint  and  two  lines  L  and  L',  whiih  cut  one  another  in  A.  On  L  find 
a  point  X  such  that  the  f^erpendicular  X  1'  from  X  on  L'  is  a  mean  proportion  l>e- 
tween  A  I'and  PX.     (Constniction  and  proof.) 

3.  Given  a  right  circular  cone  of  which  an  a.\ial  section  is  an  equilateral  triangle. 
Produce  the  surface  beyond  the  circular  base,  such  that  the  whole  siirfu<e  of  (he 
added  conical  shell  is  to  the  surface  of  the  whole  cone  as  5  is  to  6  (including  construc- 
tion of  the  ralculated  result  I. 

4.  B  and  C  are  the  middle  points  of  two  si)h('rr's  of  ra<lii  r,  and  r^  (10  and  14  cm.). 
To  an  observer  at  .1  the  s{iheres  appear  under  angles  of  sipht  .S",  and  Sj  (3"  37'  20"  and 
4°  16'  30").  .Vnu'le  BAC  is  71°  4'  40"  How  jrreat  is  the  distance  between  B  and 
C,  and  how  large  are  the  angles  ABC  and  ACB? 
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Analytic  Geometry. 

1.  The  curve  with  equation 

x^—2x'^y-{-2y^—y'^x—4y''--\-2xy—x+2y=0 

breaks  up  into  three  lines,  of  which  one  is  x—2y.  What  are  the  equations  of  the 
other  two?  What  are  the  coordinates  of  the  vertices  of  the  corresiionding  triangle; 
find  its  area. 

x^    %p 

2.  In  the  hyperbola  -2—^  —  1=0  a  diameter  with  slope  m  is  given.  What  is  under- 
stood by  a  diameter  conjugate  to  this  diameter  and  how  is  the  slope  i/  of  this  diameter 
derived?    How  large  are  the  semi-diameters  corresponding  to  these  two  directions? 

3.  Discuss  and  sketch  the  curve  with  equation 

x^+y-x-2x'^+y-=0. 

4.  Given  a  circle  of  radius  r  and  a  line  which  is  at  a  distance  n  from  the  middle 
point  of  the  circle.  A  second  circle  touches  the  line  in  its  intersection  with  the  line 
drawn  through  the  middle  point  of  the  first  circle  perpendicular  to  the  line;  the  com- 
mon tangents  of  the  circles  touch  the  second  circle  in  points,  the  locus  of  which  is 
required.  (The  given  line  is  to  be  taken  as  x  — axis,  and  the  foot  of  the  perpendic- 
ular as  origin  of  coordinates.) 

Descriptive  Geometry. 

An  ellipse  is  projected  horizontally  as  a  circle  of  10  cm.  diameter,  vertically  as  a 
line  (30°  toward  the  right  \vith  the  base  line).  The  horizontal  trace  of  a  given  plane 
makes  an  angle  of  60°,  the  vertical  trace  of  45°,  both  toward  the  right  with  the  Imse 
line.  Construct  the  shadows  of  the  ellipse  on  these  planes.  (Both  projections  of 
rays  of  light  coming  from  the  left  make  angles  of  45°  with  the  base  line.) 

The  two  projef'tions  of  the  shadows  are  to  be  constructed  independently  of  one 
another;  at  any  given  point  construct  the  tangent  and  find  the  nature  of  the  curve 
in  order  that  its  conjugate  diameters  can  be  determined. 

Experimental  Physics. 

1.  A  locomotive  weighing  20,000  kilograms  moves  on  a  track  Ij^  meters  wide  and 
its  center  of  gravity  is  1^  meters  above  the  rails;  what  is  the  greatest  velocity  that  the 
locomotive  may  attain  in  order  that,  on  a  curve  of  80  meters  radius,  it  shall  not  leave 
the  rails?  What  is  the  maximum  velocity,  if  the  outer  rail  Isc  so  raised  that  the  plane 
of  the  rails  is  inclined  to  the  horizontal  plane  with  an  angle  of  5°? 

2.  For  determining  the  temperature  of  a  smelting  furnace,  a  platinum  sphere  of 
100  grams  is  put  in  it  and  then  thrown  into  a  mixing  calorimeter  which  contains  800 
grams  of  water  at  10°  C.  What  is  the  temperature  of  the  furnace  if  the  brass 
calorimeter  tub  weighed  250  grams  and  the  final  temperature  reached  14.8°?  (Spe- 
cific heat  of  brass,  0.0926;  of  platinum,  0.0326.) 

3.  Two  biconvex  lenses  mth  focal  lengths /,=4cni.  and  72= 6cm.  are  arranged  from 
left  to  right,  such  that  the  distance  of  their  optical  middle  point  amounts  to  5=1  cm.; 
the  thickness  of  the  lenses  may  be  neglected.  To  the  left  of  the  first  lens  is  a  lumi- 
nous substance  AB  1  cm.  high.  Construct  the  picture  of  the  object  which  is  thrown 
through  the  pair  of  lenses  and  also  determine  the  distance  6,  of  the  picture  from  the 
second  lens.  How  great  is  the  common  focal  distance  /  of  the  system  of  lenses 
counted  from  the  second  lens;  and  what  advantage  is  there  in  such  a  combination 
of  lenses  over  a  simple  lens  with  the  same  focal  distance? 
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JAPAN. 

The  followinsj  mathomatiral  papers  were  set  in  Tokyo  for  the  twenty-fifth  exami- 
nation for  teachers'  licenaotf,  in  I'.Ul. 

PKELIMINAHV    KX  AM  I. NAT  I  OX    QUlvSTIONS 

Arithmktic  (3  hours). 

1.  Find  three  fractions,  ,1,  H,  and  T'lMiual  to  J,  J,  and  ^j,  rospoctivcly,  such  that 
id's  denominator  is  equal  to  B'e  numerator,  and  li'a  denominator  to  C'a  numerator. 
Find  the  simplest  forms  of  such  throe  fractions. 

2.  A  certain  company,  dividin";  its  capital  in  the  ratio  of  3:5:  7,  carried  on  ita 
business  in  three  divi.-^ions.  At  a  semiannual  settlement  it  was  found  tliat  the  lirst 
division  had  made  2.(J00  yen,  and  the  second  had  earned  8  per  cent  a  year  on  ita 
capital,  but  that  the  third  had  sut"fered  a  loss  of  5  per  cent  a  year  of  its  cai)ital  How- 
ever, the  net  result  wa.s  fi)und  U^  be  a  gain  of  (i  per  cent  a  year  on  the  total  capital. 
WTiat  was  the  amount  of  the  capital? 

3.  A  steamer,  bound  for  a  certain  port,  had  its  engine  damaged  when  one-fifth 
of  its  voyage  had  been  completed.  As  it  had  to  reduce  its  speed  by  10  knots  fur  the 
rest  of  ita  course,  the  average  speed  was  found  to  be  less  than  the  lirst  by  4  knots. 
\S'hat  was  th<*  initial  speed? 

4.  By  evaporating  GOO  grams  of  water  containing  3  per  cent  of  salt,  one  containing 
5  per  cent  of  salt  was  to  be  obtained.  It  was  foiind.  however,  that  70  per  ct-nt  of  the 
water  had  alri-ady  evaporated.  How  much  water  containing  3  per  cent  >>{  .suit  nmst 
be  added  in  order  to  obtain  the  solution  of  required  strength  ? 

5.  Of  a  cylindrical  ve8.«iel  holding  one  slid,  the  height  and  diameter  of  which  are 
equal,  find  the  height  to  the  hundredth  place. 

Algebra  (3  hours). 

1.  When  a-|-6-|-c=0.  prove 

/b—c , c—a , a—b\  (a     ,     b     ,     c    \     „ 

2.  Solve  and  discuss  the  following  simultaneous  equations: 

or— fey— 2 -i- 1=0,  i-l-y-az  — 6=0,  i-fy  — z+l=0. 

3.  Cut  a  triangle  and  a  rectangle,  having  equal  bases  on  a  straight  line,  by  another 
straight  line  [parallel  to  it]  '  so  that  the  sum  of  the  areas  cut  out  between  the  |)arallel 
lines  shall  be  equal  to  the  area  of  the  triant'lc  Find  the  diHtaiHf  lntu.-.-ii  tlio 
parallel  Unee. 

4.  In  how  many  dilferent  ways  can  10  balls  be  arranged  in  a  straight  line,  provided 
that  2  special  balls  must  in  all  cases  l>c  placed  a<.)  as  to  occupy  alt«'rnate  positions?  ' 

5.  Let  a,,  o,,  a, be  an  arithmetic   prugresHiun,   and   i,,  fe^,  b^ be  a 

geometric  ha\'ing  all   its  terms   positive,     i'rove  that  «„  is  not  greater  than  fc„,  if 
a,=&|  and  a,=6j. 

'These  word?  >lo  not  orcur  in  the  original. 

'It  a  tiot  clear  what  is  meant  by  "alternate  positions." 

275 
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Geometry  (3  hovirs). 

1.  Let  two  circles  touch  internally  at  A.  From  any  point  P  in  the  circumference 
of  the  external  circle  draw  a  tangent  P  Mto  the  internal  one,  and  prove  that  P  A:P  M 
is  constant.     • 

2.  Given  a  vertical  angle,  the  radius  of  the  inscribed  circle,  and  the  area,  construct 
the  triangle. 

3.  The  vertex  A  of  the  rectangle  ABCD  is  a  fixed  point,  and  B  and  D  are  on  the 
circumference  of  a  fixed  circle.     Find  the  locus  of  the  point  C. 

4.  Find  the  limit  of  the  position  of  a  point,  the  ratio  of  whose  distances  from  two 
fixed  points  is  less  than  a  given  ratio. 

5.  Of  a  quadrilateral  whose  four  vertices  are  not  all  in  one  plane,  three  are  fixed 
and  one  moves  along  a  straight  line.  Find  the  locus  of  the  intersection  of  the  lines 
joining  the  middle  points  of  its  opposite  sides. 

FINAL  EXAMINATION   QUESTIONS. 

Arithmetic,  Algebra,  and  Geometry  (written). 

Part  I  (3  hours). 

1.  The    sum    of    a    certain    irreducible    fraction    and    its   reciprocal    is  equal  to 

138794 

.„„-,-,-g>     Find  the  irreducible  fraction. 

400115 

2.  Eliminate  x,  y,  and  z  from 

X  ,   a      y  .  h      z      c 

— — ^tH — ^^ — — ' 
ax      0     y     c      z 

xyz=abc, 

a;2_|.y2_|_2(a5+{,c+ca)=0. 

3.  If  a,  b,  p,  and  q  be  real,  prove  that  the  following  equation  has  real  roots, 

^-^-1=0. 


a+x    b+x 


4.  Solve  the  following  inequality,  a:— 6>Va(«  — 2x),  where  a  and  b  are  positive, 
and  V  represents  the  positive  square  root. 

5.  Prove  that  the  following  three  equalities  are  consistent  with  one  another, 

x=iol-logz.  y=\Ql-logx,  z^lO^-logy, 

log  representing  the  common  logarithm. 

Part  II  (3  hours). 

1.  If  rectangles  ABDE,  ACFG  be  externally  constructed  on  the  two  sides  AB  and 
AC  oi  the  right  angle  J.  of  a  right-angled  triangle  ABC,  prove  that  the  straight  lines 
BF  and  CD  intersect  with  each  other  on  the  perpendicular  from  A  to  the  hypot- 
enuse B  C. 

2.  Draw  a  circle  with  its  center  on  a  straight  line  passing  through  the  center  of  a 
given  circle,  intersecting  this  circle  at  right  angles  and  passing  through  a  given  point. 

3.  Of  a  triangle  ABC,  the  vertex  J.  is  a  fixed  point  on  au  edge  of  a  trihedral  angle 
and  the  other  two  vertices  B  and  C  move  respectively  along  two  other  edges.  Find 
the  locus  of  the  center  of  gravity  of  the  triangle. 
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ARiTHMETrc  (oral). 

A  boat  is  rowed  over  a  certain  distance,  when  there  is  no  tide,  in  24  hours.  Witli 
the  tide,  however,  the  same  distance  can  be  rowed  over  in  15  hours.  As^inst  the 
tide  the  boat  can  be  made  to  go  over  32  knots'  in  _'  hours.  I'lud  the  speed,  ac- 
cordingly, when  it  is  rowed  with  the  tide. 

Aloebra  (oral). 
Solve  the  following  aimult;ineous  equations, 

(l+2it)z-(l+it)y=l-Jfc, 
3(l+jt)x-(3+%=3+i. 
Geometry  (oral). 

Draw  a  straight  line  meeting  two  straight  lines  not  in  the  same  plane  and  normal  to 

a  given  plane. 

Trigonometry  (written). 

Theory  (5  hours). 

1.  Solve  and  discuss  the  following  equation, 

sin  3z=m  sin  x. 

2.  Eliminate  0  and  <p  from 

c  sin  0=a  ain  i0+<p), 

,         a  sin  <f>=b  ain  0, 
008  fl-co8  <p=2m. 

3.  Find  the  maximum  value  of 

copec  'd  —  t&D^6. 
cot^4-tan^fl-l 

4.  If  the  length  of  three  bisectors  of  the  three  anglc.-^.  -i.  B.  C  of  a  triangle  ABC  be 
respectivelv  e<jual  to  p,  q,  r,  prove  that 

ABC 
cos  -g      cos  ^      COS  ^       Y      ^      I 

5.  Ha\'ing  given  one  angle,  the  perimeter,  and  the  radius  of  the  circumscribed 
circle  of  a  triangle;  solve  the  triangle. 

Application  (5  Aoum). 

When  the  three  sides  of  a  triangle  are  known  to  be  respectively, 

a=750.74  m.,  6=590.42  m.,  c=204.G8  m., 

compute  the  three  angles  and  the  area. 

Analytic  Geometry  (3  hours). 

1.  Given  a  point  (1,  l)and  a  straight  line  3x+4y  — 6=0,  the  axes  being  rectangu- 
lar. Form  the  ecjuation  of  the  curve  of  the  second  dei^reo,  ha\'ing  the  point  and  the 
straight  line  for  its  corresponding  focus  and  directrix  and  5  for  ita  eccentricity,  and 
reduce  it  to  the  atand&rd  form. 

I  Such  is  the  original. 
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2.  Let  iV^  be  the  point  of  intersection  of  the  normal  at  any  point  M  on  an  ellipse  and 
its  major  axis.  Prove  that  the  orthogonal  projection  of  MN on  the  line  passing  through 
M  and  one  of  the  foci  is  constant. 

3.  Prove  that  the  four  vertices  of  a  parallelogram  circumscribing  an  ellipse  and  its 
two  foci  are  on  the  same  equilateral  hyperbola. 

4.  Given  an  ellipse  and  a  circle  concentric  with  each  other,  the  radius  of  the  circle 
being  equal  to  the  sum  of  half  the  major  axis  and  half  the  minor  axis  of  the  ellipse. 
Prove  that  the  locus  of  the  point  of  intersection  of  the  two  normals  to  the  ellipse  at 
the  points  at  which  two  tangents  are  drawn  to  the  ellipse  from  any  point  on  the  circle 
is  a  circle. 

5.  Let  A^be  the  point  of  contact  at  which  a  tangent  is  drawn  from  the  center  M 
of  a  fixed  circle  to  the  circumscribed  circle  of  a  triangle  self-conjugate  with  respect 
to  the  fixed  circle.     Prove  that  MN  ia  constant. 

Differential  and  Integral  Calculus  (4  hours). 

1.  If  fix).  ,p  ix)-fix).  <p'  (.r)^0  within  the  interval  a  ^  x  ^  b,  and  /  (a)  =  0, 
f{b)—0,  then  prove  that  <p  (x)  will  become  zero  within  the  given  interval  at  least 
once.     Here/^  (x)  and  (p^  (x)  are  continuous  within  the  given  limits. 

2.  Let  Fbe  the  point  at  which  the  line  passing  through  any  point  X  on  the  diag- 
onal AC  of  a  parallelogram  ABCD  and  the  vertex  B  intersects  the  side  AD  or  its 
extension.  Find  the  minimum  of  the  sum  of  the  areas  of  the  two  triangles  AX  Y 
and  BXC. 

3.  Take  z  as  the  function  of  two  independent  variables  x  and  y:  substitute 

x=r  sin  0  cos  ip,  y=r  sin  0  sin  (p,^  z=r  cos  d 


in-. /l-f  ( -7-  )  +  (  j~  )  '  taking  d  and  </>  as  independent  variables  eliminate  x,  y,  z. 

4.  B  (/,  m)  represents  I   a;~'(l— x)™"'  dx,  I  and  vi  being  positive. 

'J  0 

Prove  that 

5.  Find  the  whole  length  of  the  space  curve  represented  by  the  equations 

ax=2  (6+z),         a^(.r2+2/^)  =  ^^  2^, 
a  and  h  being  positive. 

6.  Take  x=ip{u,v)  and  y=0{u,v),  and  change  the  variables  of  integration  in 

I    I  dxdy  from  x,y  to  u,v. 

'  In  the  report  this  equatiou  is  t;iven  as  y=r  sin  <i>. 
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King,  R,  209. 

KirrhofT.  G.  R..  114.  i-S:'.,  IM. 

Klein.  F.,  87,  96,  102.  nn   vn    IJS   1.S2. 

Kneser,  A.,  87. 

Knoblauch,  J,  S7,  98. 

Knopp,  K.,  98. 
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Koch,  H.  von,  190. 

Koebe,  P.,  109,  110. 

Korner,  K.,  127. 

Kondratiev,  M.,  167. 

Konen,  91. 

Konrath,  T.,  27. 

Koos,  L.  v.,  202. 

Koppe,  C.  W.  N.,  82. 

Kowalewski,  G.,  98,  99. 

Kraft,  K.  W.  F.,  180. 

Kraus,  K.,  26. 

Kiirschdk,  J.,  137. 

Kummer,  E.  E.,  127. 

Kuylenstierna,  N.  G.  0;,  186. 

Kyoyu  and  kyoyu  kokoroe,  151,  152. 

Lacombe,  M.,  199. 
Lagerstet,  N.  G.  W.,  190. 
Lagrange,  J.  L.,  133,  150,  163,  169. 
Lagrange's  equations  of  motion,  33,  114, 

179,  256. 
Laguerre,  E.  N.,  101. 
Lamb,  H.,  13,  146,  184.  • 
Lame,  G.,  25. 
Lampe,  E.,  87,  127. 
Landau,  E.,  87. 
Landsberg,  G.,  87,  182. 
Laplace's  equation,  114,  186. 
Latingymnasium,  l72f. 
Laurent,  P.  M.  H.,  256. 
Lazzeri,  G.,  140. 

Learned,  W.  S.,  79,  84,  126,  129,  204. 
Ledoux,  A.,  34. 
Legendre,  A.  M.,  32,  147,  169. 
Legge,  J.  C,  190. 
Lehmann,  E.,  110. 
Lehmann-Filhes,  R.,  98. 
Lehramtsassesor,  118. 
Lehramtspriifung.     See  Examinations  for 

prospective     teachers     in     secondary 

schools. 
Lehramtsreferandar,  118. 
Leibnitz,  G.,  98. 
Lektorer,  188,  189,  222. 
Lenard,  P.,  184. 

Leonardo  Pisano.     See  Fibonacci's  series. 
Leonhardt,  E.,  136. 
Lessing,  G.  E.,  155. 
Leubuscher,  G.,  128. 
Licei,  138,  229,  230. 
See  also  Lycces  and  Lyceer. 
Licence  ^s  sciences,  63,  73,  159,  195,  216, 

220. 
Licenciado,  168. 
Licenciatura,  J68,  221. 


Licenses,  teachers,  147-152,  275-278. 

Licentiatexamen,  176,  180-184,  222. 

Licenza,  139,  141,  219,  221. 

Lietz,  H.,  120. 

Lietzmann,  W.,  4,  82,  127,  128 

Lillienthal,  R.  von,  87. 

Lindelof,  L.,  62. 

Lindemann,  F.,  107. 

Lindskog,  N.,  180. 

Lindstrom,  P.  E.,  190. 

Lipschitz,  R.  O.  S.,  150. 

"Little  Go",  51,  53. 

Liverpool,  University  of,  52;  training  of 

teachers,  56,  57. 
Liveipool  Institute,  47. 
Locht,  L.  de,  33. 
Locke,  J.,  120. 
Lowy,  A.,  116. 
London,  F.,  87,  98,  99. 
London,  University  of,  50-52,  242-244. 
Loos,  J.,  27. 
Lorentz,  H.  A.,  184. 
Lorey,  W.,  87,  96-98,  108,  121,  123,  127. 

128. 
Lormeau,  E.,  67. 
Love,  A.  E.  II.,  184. 
Liiroth,  J.,  116. 
Lukat,  N.,  32. 
Lyceer,   61f,   228.     See   also    Licei    and 

Lycees. 
Lycees,  28,  6Gf,  158,  159,  225,  228,  229. 

See  also  Licei  and  Lyceer. 

Macaulay,  F.  S.,  60. 

McCormack,  T.  J.,  183. 

Mach,  E.,  183,  184. 

Maclaurin's  series,  32,  133,  169,  193. 

Magie,  W.  F.,  183. 

Mq^gister  (degree),  165,  221. 

Malfatti's  problem,  21. 

Mansion,  P.,  33. 

Marotte,  F.,  129. 

Massau,  J.,  33. 

Master  of  arts,  207. 

Martinak,  E.,  27. 

Maser,  IL,  182. 

Mathematical  Gazette,  49,  50. 

Mathematics,  analysis,  98;  geometry,  9, 
149,  206;  history,  10,  12,  20,  21,  33,  34, 
41,  65,  96,  104,  117,  207;  mechanics,  164, 
183;  theory  of  heat,  184. 

Mathematics  Teacher,  54. 

Mathesis,  30. 

Mathews,  G.  B.,  183. 

Mathy,  E.,  37. 
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Matter,  K.,  191). 

Maurer,  L.,  181. 

Medd,  J.  C,  157. 

Mellemskoler,  39f,  22.S. 

Mellor,  J.  W..  14C. 

Meuelaus,  of  Alexandria,  154. 

Merlet,  P.,  67. 

Merten.s,  F.,  21. 

Meusnicr's  Theorem,  255. 

Meyer,  O.  E.,  87,  184. 

Middle  echools,  15,  26,  28,  101,  I44f,  197, 

212,  220,  224.     See  also  Mellemskoler. 
Middle   schools   (higher),    Belpium,   28; 

Japan,  144f,  220. 
Middle  schools  (lower),  Uelgium,  28. 
Mikola,  S..  137. 
Miller,  G.  A.,  211. 
Minorval,  35. 
Mises,  R.  von,  117. 
MitUlschule,  27. 
Moderations,  53. 
Monge,  G.,  134. 

Monroe,  P.     See  Cyclopedia  of  Education. 
Montfort,  L.,  38. 
Morant,  R.  L.,  199. 
Morf,  L.,  199. 
Morgan,  A.,  199. 
Miiller,  E.,21,26. 
Muller,  J.,  183. 
Munsterberg,  H.,  84. 

National  Education  A.HSDciation,  liu, 
proceedings,  204;  report  of  the  Com- 
mittee of  Seventeen,  203. 204. 

Nationsforemmr-ir  or  nation  societies, 
176,177.181. 

NefT,  K.,  95. 

Nelson,  E.,  211. 

Nernst,  \V.,  178. 

Netherlands,  The,  3,  15.3-157,  220,  224- 
226,  229. 

Netto,  E.,  182. 

Neuberg,  J.,  33,  37. 

Neumann,  C,  114. 

Neumann,  E.  R.,  87. 

Neumann,  F.,  114. 

New  South  Wale.'j.  Sre  Australia;  Ex- 
aminations in  socondan.'  .><<'hool«; 
Tes-chers  for  8ocondar>'  schools,  schools 
and  colleges  for  training  of  teachers; 
universities,  colleges,  and  technical 
institutes. 

Newbold,  W.,  60. 

Newton,  I.,  94,  98,  273. 

Nielsen,  N.,  181. 


Niewenglowski,  R,  70,  264,  266. 

Nerlund,  N.  E.,  186. 

Noether,  M.,  104. 

Nordfelt,  A.,  190. 

North  Central  Association  of  Colleges  and 

Secondary  Schools,  202,  209. 
Norwood,  C,  48,  59,  60,  129,  230. 
Nouvelles     Annales     de     M  thvniatiques, 

252,  261,  262,  266. 
Nunn,  T.  P.,  60. 

Obergyranasium,  15,  228. 

Oberlehrer,  98,  99,  119,  120,  124-129,  216, 
219;  Oberlehrer  and  Richter.  125.  126. 

Oberrealschule  15,  78f,  191,  228,  267-271. 

Ovningsliirare.  188. 

Oldrini,  A..  143. 

Ordinarius.  93. 

Osgood.  W.  F.,  181. 

Ovid,  131. 

Oxford  and  Cambridge  Universities,  joint 
board  examinations,  50,  51;  schools 
examinations,  51,  236-242. 

Oxford  University,  52-55;  local  exami- 
nations, 50. 

Padoa,  A.,  143. 

Padogogische  Studien,  136. 

Paolis.  R.  de,  140. 

Papelier,  G.,  70.  207. 

Parker,  S.  C.  207. 

Pascal's  theorem,  25.  132. 

Paulsen,  F..  126. 

Peaucellier's  cell,  259. 

Penalver,  P.,  170. 

Pensions  for  teachers  in  secondary 
schools.  Austria.  26:  Belgium.  36.  37; 
England,  CO;  Germany,  125,  227;  Hun- 
gary, 137;  Italy,  142;  Japan  ,  152; 
Rus.<»ia.  167;  Swedc-n.  189.  190;  Switzer- 
land, 199;  United  States.  209. 

Pestalozzi.  J.  II.,  116.  118.  120. 

Petersen.  J.  P.  C.,  103.  182. 

Pfaff's  problem.  20. 

PflQger,  A.  \V.,  98.  90. 

Picard,  E.,  72,  181. 

Pierpont,  J..  206. 

Piniherle.  S..  143. 

Planck.  M.,  184. 

Plato,  95. 

Ploumon,  II.,  38. 

Plilckfrian  formulae.  179. 

Pochharamer.  L.,  87. 

Pol>'technikum  or  Technische  Horh- 
.schule.  87,  104:  Berlin,  127;  Budapest, 
131,  132.  135;  Delft,  153;  Dresden,  108£; 
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Milan,  140;  Munich,  100;  Stuttgart,  112; 
Zurich,  193. 194,  218,  222,  223.  See  also 
Universities,  colleges,  and  technical 
institutes 

Posse,  C,  167. 

Praktikum,  122,  136. 

Prefct  des  etudes,  35f. 

Pringsheim,  E.,  107. 

Privatdocenten,  19,  20,  104,  132,  164,  186, 
189. 

Probejahr  and  Provar.  See  Examina- 
tions for  prospective  teachers  in  sec- 
ondary schools. 

Proseminary,  18,  21,  22. 

Provinzialschulkollegium,  78,  85,  92,  94. 
95,  97,  127. 

Priifungskommission,  Konigliche  wis- 
eenschaftliche,  87,  91,  94. 

Prym,  F.,  104. 

Puckle,  G.  H.,  146. 

Rados,  G.,  137. 

Rados,  J.,  137. 

Rasor,  S.  E.,  206. 

Rayleigh,  J.  W.  S.,  184. 

Realgymnasien,  15,  28,  78f,  130,  172f,  228, 
267-270. 

Realprogymnasien,  78,  81,  228. 

"Real  schools,"  130f,  160f,  229,  230. 

Realschulen,  15f,  28,  78f,  228,  230.  See 
oiso  Oberrealschulen;Unterrealschulen. 

Realskolor,  ]7Jf,  222,  229. 

Rector,  Belgium,  35;  Finland,  64; 
France,  66. 

Reform-realgymnasien,  15. 

Regents,  37. 

Reidt,  F.,  96,  120. 

Rein,  W.,  129,  136. 

Remove,  47. 

Renard,  J.,  2(i,  137. 

Reports,  U.  S.  Commissioner  of  Educa- 
tion, 14,  30,  66,  76,  95,  103,  131,  140, 
143,  152,  167,  190,  203,  207. 

Responsions,  51,  53. 

Rethwisch,  p.,  121. 

Revue  de Mathemaliques  Speciales,  159,  266. 

Rey  Pastor,  J.,  169. 

Reye,  T.,  25,  117. 

Riemann,  B.,  32,  62,  134. 

Rohn,  K.,  109,  110. 

Rohrberg,  A.,  44. 

RoUe's  theorem,  40,  163,  257. 

Rose,  J.,  4,  30,  32,  38. 

Rosanes,  J.,  87. 

Rosenhain,  J.  G.,  101. 


Rosenthal,  A.,  107. 

Rost,  G.,  104. 

Rouraania,    3,    158,    159,    220,    221,   224, 

225,  229. 
Rouse,  W.  H.  D.,  58. 
Rousseau,  J.  J.,  95,  116. 
Routh,  E.  J.,  183. 
Roxbury  Latin  School,  201. 
Rueda,  C.  J.,  170. 
Russell,  J.  E.,  77,  97. 
Ryan,  W.  C,  209. 

Sadler,  M.  E.,  129,  190. 

Saint-Germain,  A.  de,  76. 

St.  Germain,  H.  L.  de,  180. 

Salaries  for  teachers  in  secondary  schools, 
Belgium,  35-37,  214;  Denmark,  42, 
215;  England,  58,  59;  France,  75,  76, 
227;  Germany,  124,  125,  227;  Hungary, 
137;  Italy,  142;  Japan,  152;  Nether- 
lands, 154,  157;  New  South  Wales,  11; 
Russia,  166,  167;  Sweden,  189;  Switzer- 
land, 198;  United  States,  208-210. 

Salkowski,  E.,  127. 

Salmon,  G.,  182. 

Sannia,  G.,  140. 

Scarpis,  U.,  143. 

Schaeffer,  A.,  85. 

Scheffers,  G.,  178,  182. 

Scheibner,  W.,  182. 

Scherrer,  F.,  199. 

Schlesinger,  L.,  182. 

Schimmack,  R.,  128, 

Schmid,  K.  A.,  129. 

Schmidt,  E.,  98. 

Schnell,  H..  128. 

School  and  Society,  205. 

School    Science    and    Mathematics,    76, 
211. 

Schottky,  F.,  98. 

Schubert,  H.,  270. 

Schulrat  (Germany),  85,  97,  124. 

Schur,  J.,  98,  117. 

Schuster,  M.,  121. 

Schwartz,  H.  A.,  98. 

Schwering,  K.,  96,  120. 

Scorza,  G.,  138,  143. 

Scrutinium,  187. 

Secondary  schools,  accredited,  200,  201. 

Secondary  schools,  examinations  for 
prospective  secondary  school  teachers. 
See  Examinations  for  prospective  teach- 
ers in  secondary  schools. 

Secondary  schools,  periodicals.  See  Bay- 
erische    Zeitschrift  fur    Rcalschulwesen; 
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Bl<itt(T  fUr  die  Gymnasialachulwaen; 
BolUtino  della  "  ilathesis;"  Gazfta 
Mathematica:  Jahresbericht  ilbrr  das 
huhere  Schulutsen;  ilalheinatical  GazitU.- 
Mathematica  Teacher:  Mathesis;  ililtel- 
tchule;  Revue  de  Matheinatiquei  Spe- 
daUs:  School  Science  and  Mathematics: 
Statistisches  Jahrbuch  der  hoheren 
Schulen:  Teachers'  College  Record:  Un- 
terrichtsbldtter  fiir  Mathematik  und  Na- 
turu-issenschd/len:  Zeitschri/t  fiir  die 
osterreickischen  Gymnasien:  Zeitschriflfiir 
Mathematischen  und  Naturwissenschafl- 
lichen  Uiitfrricht. 

Secyndan-  schools,  salaries  for  teach- 
ers. See  Salaries  for  teachers  in  second- 
ary schoola. 

Secondary-  schools,  schools  and  colle^^es 
for  training  teachers.  See  Teachers  for 
Becondar\-  schools,  schools  and  colleges 
for  training  of  teachers. 

Seeliger,  II.,  107. 

Seminarien  (for  professional  training  of 
teachers)  and  Seminarjahr,  Austria,  26, 
212-213:  Denmark,  42:  Germany.  92-95, 
97-99,  102-104,  100,  110,  115,  118-121, 
123-125,  217;  Hungan,-,  136,  137,  218; 
Roumania,  159,  220.  See  also  Ex- 
aminations for  ])rf>epective  Teachers  in 
secondary  schools,  schools  and  colleges 
for  training  of  teachers. 

Seminaries  (in  university  instruction), 
Austria.  18.  19,  21-23;  Germany,  95,  98, 
99.  10-1.  105,  107,  109-111,  113,  117,  118, 
122;  Italy,  141;  S\ntrerland,  181,  185, 
186:  Sweden,  193;  United  States,  205. 
See  also  Proepminar\-. 

Serret,  J.  A..  146,  178^  182. 

Servaifl,  C,  32,  37. 

Severi.  F.,  219. 

Shania\-8ky,  A.,  163. 

Shell,  47. 

Sies,  R.  W.,  60. 

Simon,  M..  96,  117,  120,  127,  129. 

Skoleembedsexamen,  41,  214. 

Skoleraad,  39. 

Smith.  A.  T.,  45.  46,  110,  137,  160. 

Smith.  C,  146. 

Smith,  D.  E.,  3,  10.  129,  211. 

Snyder,  V.,  140. 

Soci^t^  Suisse  des  Profeaseurs  des  Math6- 
matiquea,  198. 

Somigliana,  C,  143. 

Sommerfeld.  A..  107. 

101179°— 18 19 


Special  Reports  on  Educational  Subjects, 
Hoard  of  Education.  London,  14,  44, 
51,  54.  60,  65.  76,  83,  129,  137,  157,  167, 
190,  199. 

Speiser,  A.,  117. 

Spicker,  91. 

Spring,  A.  v.,  34. 

Staatstxamcn,  Prussia,  87f. 

Stamper,  A.  W.,  211. 

Statesman's   Year-Book,  30,   160,  163.  168. 

Stati-sliches  Juhrhuch  der  hoheren  SJiulen, 
124,  125. 

Stegemann,  M.,  179. 

Steiner,  J.,  193. 

Sti'rneck,  R.  von,  21,  27. 

Stirling,  J.,  150. 

Stitr,  A.,  27. 

Stober,  E.  A.,  34. 

Stocklin,  J.,  199. 

Stokes,  G.,  169. 

St  y,  K.  v.,  92,  136. 

Stroobant.  P.,  33. 

Study,  E.,  87,  98. 

Sturm,  J.  C.  F.,  134,  147. 

Sturm,  R.,  87,  127. 

Stuyvaort.  M.,  32,  37. 

Suppantscliitsch,  R.,  21. 

Surveillant,  36,  213,  214. 

Suzzaza- Verdi,  T.  de,  143. 

Swarta,  F.,  34. 

Sweden,  3,  171-190,  217,  222,  224-226,  229. 

Switzeriand,  3,  191-199,  222-226,  230. 

Sylvester,  J.  J.,  133,134. 

Szabo,  P.  von,  137. 

Tait,  P.  G.,  183. 

Tannerj',  J.,  70,  182. 

Taylor's  expansion,  20,  32.  40,  69,  133, 
169,255,256. 

Teachers'  College  Record,  129. 

Teachers  for  secondary  schools,  schools 
and  colleges  for  training  of  teachers; 
Austria,  26;  Belgium,  37;  Denmark,  42, 
215;  England.  54-57;  P^nland,  63,  64, 
215;  France,  72-74,  216;  Germany,  92- 
97,  102,  110,  115.  116,  118,  119;"Hun- 
gar>-.  135.  136,  218;  Italy,  141,  219; 
Japan.  148-151.  219;  New  South  Wales, 
9-11,  212;  Roumania,  159;  Russia.  165; 
South  Australia.  13;  Sweden,  186,  187; 
United  States,  205-207;  Victoria.  12. 
212.  See  also  Examinations  for  pros- 
pective teachers  in  secondary  schools; 
Universities,  colleges,  and  technical 
institutes. 
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Technical  institutes.  See  Polytechnikum 
or  Tecknische  Hochschule. 

Technische  Hochschule.  See  Polytech- 
nikum or  Technische  Hochschule. 

Tentamensbok,  177, 181.         '    . 

Timer,  A.,  128. 

Theoretikum,  137. 

Thieme,  H.,  96.  -      " 

Thomson,  W.,  183. 

Thornton,  J.  S.,  44,  65,  174,  175,  187,  190. 

Timpe,  A.,  184. 

Todhunter,  I.,  145, 140,  178, 179. 

Toledo,  L.  O.  de,  170. 

Torricelli,  E.,  256. 

Torroja,  M.,  170. 

Trial  year  (Probejahr,  provar).  See  Ex- 
aminations for  prospective  teachers  in 
secondary  schools. 

Tripos  examinations,  53,  54. 

Trivett,  J.  B.,  14. 

Twentyman,  A.  E.,  129. 

Tzitzeica,  G.,  159. 

United  States,  3,  4,  200-211,  215,  216, 
223-226,  230. 

Universities,  colleges,  and  technical  in- 
stitutes, Australia:  Adelaide,  Mel- 
bourne, Queensland,  Sydney,  Tas- 
mania, Western  Australia,  5f,  212,  228; 
Austria:  Czernovitz,  Gratz,  Innsbruck, 
Krakow,  Lemberg,  Prague  (German  and 
Bohemian),  Vienna,  17f,  212,  213; 
Belgium:  Brussels,  Ghent,  Liege,  Lou- 
vain,  31f,  213,  214,  228;  Denmark: 
Copenhagen,  41,  214,  228;  England: 
Birmingham,  Bristol,  Cambridge,  Dur- 
ham, Leeds,  Liverpool,  London,  Man- 
chester (Victoria),  Oxford,  Sheffield, 
Newcastle,  Reading,  Southampton,  50f, 
215,  228;  Finland:  Alexander  Univer- 
sity, 62,  215,  228;  France:  Aix-Mar- 
seille,  Algiers,  Besanfon,  Bordeaux, 
Caen,  Clermont,  Dijon,  Grenoble,  Lille, 
Lyon,  Montpellier,  Nancy,  Paris,  Poi- 
tiers, Rennes,  Toulouse,  66,  216,  228; 
Germany:  Berlin,  Bonn,  Breslau,  Er- 
langen,  Frankfurt,  Freiburg,  Giessen, 
Greiiswald,  Halle,  Heidelberg,  Jena, 
Kiel,  Konigsberg,  Leipzig,  Marburg, 
Munich,  Munster,  Rostock,  Strassburg, 
Tubingen,  Wurzburg,  78,  87-91,  97-99, 
103-118,  122-124,  127-129,  217,  225, 
228,  271-274;  Hungary:  Budapest, 
Debreczen,  Kolozsvar,  Pressburg,  Zu- 


grab,  131-135,  218,  229;  Italy:  Bologna, 
Cagliari,  Camerino,  Catania,  Ferrara, 
Genoa,  Macerata,  Messina,  Modena, 
Na])les,  Padua,  Palermo,  Parma,  Pavia, 
Perugia,  Pisa,  Rome,  Sassari,  Siena, 
Turin,  Urbino,  140,  141,  143,  218,  219, 
229;  Japan:  Kiushiu,  Kyoto,  Tohoku, 
Tokyo,  144-147,  219,  220,  229;  Nether- 
lands: Amsterdam  (Communal  and 
Free),  Groningen,  Leyden,  Utrecht, 
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